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A MODERN COLLIERY IN SCOTLAND 

Coal IS of viial impoifancc to Bntish inaustiy and the prosperity of the country largely depends 
upon tilt output Irom our mines In tlie past few years mtchanisation in the collieries has been 
speeded up and many new types of machinery introductd Even the outward appearance is changing 
to some extent, as shown m this photograph of the general surface layout of the Comrie Colliery m 
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THE STORY OF A 

A very oUl proverb says that 
familiarity breeds contempt 
One might widen the proverb by 
using the word ‘ indifference ” in place 
ol ‘ contempt " There are many vciy 
useful things which we take for granted 
because we have always been accus- 
tomed to seeing and having them 

Product of the Sun 

Among these last is coal Its great 
value to us has been fully recv ^nised 
in the past few years , yet we 
smash it up roughly and shovel it 
thoughtlessly, and often wastefully, 
into furnaces or on to the fire, and while 
enjoying the heat which it gives us, 
grumble at it for the dust, dirt, soot 
and smoke which it makes 
Coal deserves our greatest respect, 
if only on account of its age That 


LUMP OF COAL 

lum|) of coal now burning on the fire 
(ame into existence during the passage 
of perhaps many millions of ye irs, and 
was what it is now untold centuiies 
bcfoie man first began to people the 
eaith It is the product of ages of 
sunshine, moist atmosphere and rank 
growth, followed by burial and an 
enormously long period of steadily 
increasing pressure, resulting m tlie 
formation of a black rock — for coal 
must be regarded as a rock -winch 
differs from other rocks m that it burns 
readily. 

Now, suppose that you took a piece 
of wood, say, a cricket stump, and the 
lump of coal, and handed them over 
to a chemist to be analysed, that is, 
broken up into their elements The 
report that he would send you would 
show that both are made up of the 
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IN A SEAM OF COAL 
A single seam or layer of coal may con- 
tain many grades, hard, soft, steam, and 
so on. Here a section of a seam has been 
cut and reassembled in a wooden box. 


same mam things — carbon, nitrogen, hydro^ 
gen and oxygen — though the coal would 
contain a much higher proportion of carbon 
than the wood. This similarity is not to be 
wondered at, since coal is nothing more 
than woody matter that has had a great 
part of the gases that once were in it squeezed 
out by a pressure which has altered its 
structure. It has also been changed by heat 
and fermentation. 

Through a Coal Forest 

In the times when the trees and other vege- 
tation which formed our coal were growing, 
Britain did not exist in its present form. 
It was merely part of a vast swampy expanse 
covered with a very strange growth. Wc 
know what the trees and plants of the period 
were like from remains that have been found 
in coal itself, or in the layers of clay above 
and below the coal-seams. 

We may picture vast, gloomy forests of 
monkey-puzzle trees, gigantic reeds, and 
plants which resembled our club-mosses, but 
grew to a height of 6o feet, and had trunks 
up to 5 feet in thickness. The scene could 
hardly have been picturesque, as most of 
the trees had tall, straight trunks, with very 
few branches at the top, and very few leaves 
on a branch. They lacked entirely the 
beauty of our own forest trees. 

Among the trees was a luxuriant growth 
of many kinds of ferns, with large fronds 
curling like the end of a bishop's crozier ; 
and there may have been some plants bear- 
ing flowers, which began to appear at this 
period of the earth's history. In and out 
between the trees flitted insects of many 
kinds, but there were as yet no birds ; and 
over the slime in which this vegetation was 
rooted crawled worms, snails, and various 
reptiles. The lagoons spreading here and 
there contained fish and molluscs. In many 
ways the coal forest, with its slimf, decay- 
ing vegetation, and hot, moist atniosphere, 
must have been somewhat like modern 
mangrove forest, and probably as unpleasant 
a place for men to live in — if there |iad been 
any men. 

We may imagine many generations of 
trees and plants growing, and rotting into a 
carpet of stems, roots and leaves, similar to 
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the pulpy masb of a peat bog until it has a 
thickness of many feet. All the time the ground 
is sinking very, very slowly. Then there begins 
a quicker subsidence, and water from the sea 
or rivers begins to flow in, bringing with it 
sand and fine particles of rocks. These settle 
and form a layer of dense clay or sandstone 
over the vegetation. Presently the filliiig-up 
reaches a stage at which it becomes possible 
for vegetation to grow again, and what was 
once open water returns to forest. This in turn 
sinks, and is covered up ; and the alternate 
processes of growth and burial may be repeated 
many times. 

The Coal Measures ” 

In the end, one gets a senes of seams of coal, 
separated by layers of clay, shale, and sandstone. 
A coal meabiire,** as such a series is called, 
mav be compaied to streaky bacon. The lean 
is represent ed by coal and the fat by the other 
materials. The coal seams may vary in thick- 
ne.ss from a few inches to many feet ; and the 
same seam may contain coal of different qualities, 
produced, perhaps, from different kinds of vege- 
tation. 

Ages pass, and there is a further sinking of 
the ground. If the settlement is great, the 
ground may be covered deeply with sea-water. 
The lime-encrusted remains of m5niads of tiny 
creatuies living in this settle to the bottom and 
in the course of a million years or so produce a 
thick layer of chalk, which itself may have strata 
of clay and sand spread over it. 

One should notice that the layers found over 
the coal measures always come in the same 
order, though they are not all present in every 
case ; and that they are all deposited from 
water, unless it should so happen that some 
molten rock has been forced among them from 
the interior of the earth. It should be men- 
tioned, too, that coal occurs not only in the true 
coal measures, but among the i.*yers which cover 
them. For whenever the conditions were right 
for the growth of coal-jungle, it grew. 

We have pictured the giound as always sink- 
ing, to get an orderly view of things. But the 
earth's crust has moved up as well as down, and 
upwaid movements have been responsible for 
many coal-seams by making it possible for vege- 
tation to grow. It was upheaval of the layers 
that brought much of the world's coal within 
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A LIGHTER FORMATION 
The seam of coal here depicted is 
scarcely half the thickness of the 
layer shown on the previous page. 
Coal seams vary considerably 

s » 
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our reacli. In many cases the coal- them. In some places seams of coal are 
seams have been pushed up above sea- visible in sea-cliffs and river banks ; in 
level, at least along their edges, and so others, in mountain sides. Most of the 
can be mined by tunnels driven into British coal deposits, however, lie along 

the bottom of great shallow 
basins of rock, filled in with 
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ALL FOUND IN ONE SEAM 

To many of us all coal appears alike, but the expert divides 
itupintodiderent clas*^sand qualities, largely according to 
its non>catbon contents, as is here illustrated. Coal in the 
seam varies according to the materials out ol which the 
measures ’* were formed in the earliest ages of the earth. 


more recent formations ; 
and, fortunately for us, 
they are very level and 
unbroken, so that, once 
reached, they aie easy to 
mine. 

Varieties of Coal 

There are different kinds 
of coal, and though they 
all bum, they behave in 
different ways. 

What we may call the 
youngest kind of coal is 
named lignite, from Die 
Latin word lignum, a log, 
because the shapes of tree- 
trunks are plainly to be 
seen in it. It is also called 

brown coal,” being in 
some cases of much the 
same colour as pe.it, though 
it is sometimes black. We 
may regard it as imper- 
fectly fonned coal, con- 
taining a great deal of 
water, and much less car- 
bon than true coal. Very 
little of it IS found in 
Britain, but it is plentiful in 
Germany, North America 
and Australia. It burns 
smokily, and is unsuitable 
for household use, though 
large quantities aie con- 
sumed in power stations 
supplying electricity to big 
cities. i 

The next an4 largest 
class of coal is bituminous 
coal. This his been 
squeezed and heated more 
than lignite, and has got 
rid of much of its hydrogen. 
But a good deal of that 
gas still remains in it, and 
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COAL OF VARYING STRUCTURE 

I roin these micro photographs we can see that coal is built up 
of many li>ers or structures Polisln^l coil surfaces show us 
i grim not unlike that of wood Prints of this nature may be 
pi u ’ together tc i i lonstrate the form ition of a cube of co il 
as shown ir the lower right hand corner 


it burns with a bright 
flame, and some smoke 
The liaider and less 
gaseous varieties are 
used a great deal in 
steam boilers, while the 
softei kinds, which send 
out spurts of gcis when 
burning and tend to 
cake together, arc in 
gicat demand as house- 
hold coals and foi mak- 
ing gas 

1 hen we come to the 
purest coal of all, 
anthracite, mined chiefly 
in South Wales and 
Pennsylvania Owing 
to its great hardness it 
Is ilso called “ stone 
coal It lb practically 
pure carbon, and so 
burns slowly and with- 
out flame or smoke, like 
( ban o il oi coke, and it 
leaves veiy little ash It 
isusf ddiicfly inenc loscd 
s t o ves for he *1 1 1 ng houses 
or w.itei , OI foi cooking 

lor ‘M cad Pencils ” 

In giaphite, or plum- 
bago, used in making ‘ lead " pencils, 
we may have coal m a still purer state, 
evf ry substance other than carbon hav- 
ing been driven out of it <ilmost entirely 
by extieme picssurc lasting for many 
more years , and in the diamond we 
may have the linal stage, in which 
intense heat has played a part, pro- 
ducing absolutely pure caibon in a 
crystallised form So you sec that 
there IS some reason m cai ig coal 
‘ black diamonds,’' apait fiom the 
question of its value to us 

Why do some coals burn witli little 
ash, while others leave a great deal ^ 

Ihe chief leason, no doubt, is that, 
while the ioal vegetation was being 
covered up, it got more oi less inter- 
mingled with sand and clay brought in 
by water. In one place the water might 


have been strained by vegetation oi 
been purified by depositing any solid 
mittei in it before it reached the 
foiests , and in anothei it may have 
(ome 111 with more of a rush, and 
dumped tiny fragments of rock am:)ng 
the coal of the future 

Or, again, some trees and plants may 
have contained more unburn ible mat ter 
than others 

The Early Use of Coal 

The Romans hrst nude use of toal 
in these islands We know that they 
burned it, because coal ashes have been 
found among the rums of old Roman 
military stations in Durham, North- 
umberland and Lancashire After the 
Romans left Britain, the mineral seems 
not to have been employed for many 
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In days gone by the earth 
was bored to make tests for 
coal by means of a stnng'of 
tools, as illustrated. It w^as 
not a satisfactory method. 


centuries. No mention 
is made of it in Domes- 
day Book (1086), which 
gives a very complete 
record of all minerals 
known at the time. 

By the thirteenth 
century people were be- 
ginning to collect lumps 
of coal found on the 
sea - shore along the 
north-eastern coast of 
England. It was called 
“ sea-coal,’’ to distin- 
guish it from charcoal, 
the common fuel, and 
this name stuck to it 
for four centuries, long 
after inland coal-mines 
were working. Then 
the monks of Tyne- 
mouth began to mine it 
in a small way, sinking 
shallow pits into the 
coal where it came near 
the surface, and their 
example was copied in 
Derbyshire, Yorkshire, 
South Wales,' Shrop- 
shire and Staffordshire. 

So long ago as 1253 
a street in London was 
called Secole Lane, and 
this shows that already 
coal was being shipped 
to the capital. But 
until the fourteenth 
century none but poor 
people used this kind 
of fuel, and it was only 
when buildings were 
provided with chimneys 
to carry away the smoke 
that it found its way into 
the houses of the great. 
Even then there was 


against it as being 
injurious to health , 
and people generally 
had to be more or less 
driven to its use by the 
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Our mining engiiieers now 
depend upon the .^diamond 
drill, depicted abbve. By 
this means a core can be 
brought to the surface 
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dwindling supply of char- 
coal. 

Queen Elizabeth, though 
she levied taxes on mined 
coal, would have nothing to 
do with it ; but her successor, 
James I., had been accus- 
tomed to burning coal at 
his seat in Fife, and intro- 
duced it to the palace of 
Westminster. As soon as 
the royal favour shone upon 
it, coal became fashionable, 
and we read that in James’s 
reign “ pitt-cole is become 
the general fewell of this 
Britaine Island, used in the 
houses of the nobilitie, 
cleargy and gentrie in Lon- 
dor.p nnd in all other cities 
and shyres of the King- 
dome.” 

It is an interesting fact 
that St. Paul's Cathedral 
and many parish churches 
destroyed in the Great Fire 
of 1666 were rebuilt largely 
with money got by taxing 
coals imported into London. 

What established coal- 
mining as a great national 
industry was the adoption of 
coal, about the middle of the 
eighteenth century, for iron 
smelting, and the application 
of the steam-engine to keep- 
ing mines clear of water. 

Boring and Shaft-sinking 

British coal lies far below 
the surface, and must be 
raised through shafts — ^great 
wells sunk into the ground 
till they reach the seams. 
The shafts allow men to 
enter and leave the work- 
ings, give entrance to all 
articles, such as timber, rails 
and machinery, needed for 
getting coal ; provide a way 
out for the mined coal, and 
for water pumped to the 
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SINKING THROUGH SOFT SAND AND WATER 

This sectional drawing show's how a coal pit w'as sunk 
through soft sand and water. Tubes w'ere driven 6 feet 
into hard rock below the sand. Through these tubes s. 
freezing mixture was circulated. 
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surface ; and are the channels through 
which the mine is ventilated. 

The sinking of a shaft may cost 
hundreds of thousands of pounds. So, 
before one is sunk the ground is ex- 
plored thoroughly to find out whether 
the coal seams will justify the expense, 
how deep down they are, and where 
the shaft may best be placed. Test- 
holes are put down in selected places. 
An engine is erected over the spot 
chosen for a hole, to work a dnlling 
apparatus. The tools used are in some 
cases heavy chisels, fixed to the ends 
of iron rods, lifted and dropped by the 
engine, and given part of a turn 
between blows. 

But if complete samples, or “ cores,” 
of the strata passed through are 
wanted, the rotary drill is used. This 
is a short hollow cylinder with its 
bottom edge studded with diamonds, 
or having removable hard sharp spikes 
pi ejecting from it. Or it may be grooved 


at the bottom, so that hard steel shot 
may be fed between it and the material 
it is boring, to wear the latter away. 

The drill is on the end of a string of 
hollow rods, through which water is 
pumped to wash up the fine matter 
worn away by the drill as it turns 
round and round. When the drill has 
cut out a core of its own length, grit is 
poured down the tube to wedge the 
core, and the drill is lifted to the sur- 
face, bringing the core with it. The core 
is removed, examined, and numbered, 
and the drill lowered again. In this 
way ground has been explored com- 
pletely to a depth of 7,000 feet. 

If the bore-hole passes through a 
soft, water-bearing stratum, such as 
quicksand, it has to be lined with steel 
tubing, driven down from the surface, 
until firm ground is again met with. 

Lining the Shaft 

We will .issume that it has been 
decided to sink a .shaft 
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DIGGING THE SHAFT OF A COAL-MINE 

This picture shows a continuation of the engineering feat *;x- 

E lamed on the previous page. The ^ft, watery layer of sand 
as been frozen hard, and men called " sinkers ” are now engaged 
m excavating for the shaft, which at the soft section will be 
lined with metal plates wedged in position with wood 


In Britain, coal-mine 
shafts are usimlly cir- 
cular, as this shape 
resists great pressure 
most easily; and 
square-cornered shafts 
are used only in firm, 
dry ground. In any 
case, the shaft will be 
lined from top to 
bottom with masonry, 
concrete or iron. 
Where the ground is 
loose or soft, it is 
removed with pick 
and shovel ; while rock 
has to be Jiored and 
blasted. Where a 
masonry linijig is used. 
It IS built injscctions as 
the sinking proceeds. 
At interval^ a deep 
groove is made in the 
side of the excavation, 
and in it a wooden 
ledge, or curb, is fixed. 
This curb acts as the 
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foundation for masonry, whicli is built 
up till it reaches the curb above. 

Should a concrete lining be preferred, 
a steel lining is fixed round the shaft, 
and the space between it and the 
ground is filled in with concrete. 
When the concrete has hardened, the 
lining is removed, to be used again 
lower down. 

Fighting Water 

The shaft-sinker’s great enemy is 
water. If it is known that the shaft 
will have to pass through water- 
bearing rock or quicksand, special 
measures are taken to keep the water 
at bay while the shaft is being sunk 
through the watery ground and lined. 

When a quicksand has to be pierced, 
boi(‘ holes are sunk through it in a ring, 
so as to enclose a cylinder of ground a 
few feet wider across than the .shaft 
will be. Ktich hole is lined with a steel 
tube closed at the bottom, and has a 
smaller tube open at the bottom 
inside it. J3rine chilled far below the 
freezing-point of water is pumped down 
through the smaller tube and rises 
between it and the larger tube. This 
circulation of brine is kept up for 
months, until the ground all round the 
tubes is frozen solid. Then the miners 
get to work and dig out the frozen sand, 
and line the shaft with brickwork or 
iron rings like those used for the lining 
of a tube " railway. 

The same method may be used for 
dealing with rock with fissures in it 
which act as water-channels. But 
engineers also employ a quite different 
process, called cementation. In this 
case open-ended tubes are sunk into 
the rock, and liquid cement is .sqaiited 
in under enormous pressure until all 
the cracks in the rock near the path of 
the .shaft have been filled in, and the 
rock becomes solid and water-tight. 
Sinking of the shaft can then proceed 
as if through dry ground. 

At the bottom of a shaft is a large 
chamber, lined with strong arches of 
masonry to carry the weight of the 


LUMP OF COAL 



L h.A. 


LINING A MINE SHAFT 

The shafts or wells of coal-mines arc lined 
with diffcient materials, according to the 
btiata. In parts the natural rock sufhees 
as a wall, and brickwork serves in places. 



THE PRESENT SOURCES OF OUR COAL 
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This map of pait of Great Britain shows in black our coaMields as they are to-day| Almost 
all our coal lies far below the surface and must be raised through shafts, which areLke great 
wells sunk m the ground People live together most thickly m those parts of the tountry where 
coal measures are found because the “ black diamonds feed busy factories The development 
of the Kentish coal-held is of recent date 
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fOMrfrs). of the B BC 

The first people to bum coal in this countiy >^ere the Roman invaders, but not for centuries 
after their dcpartuH was the commodity used aj^ain Folk then began to pick up lumps on the 
seashore near the mouth of the Tyne, calling the fuel ' sea-coal " to distinguish it from charcoal, 
which was normally burned In the days of Good Queen l^ss a tax was levied on mined coal 
The above map shows that many coal-lields were known even then 

II 
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shaft It extends below the level of 
the seams, so that water may dram 
into it from the workings and be 
pumped up , and it is provided with 
platforms at which the coal tubs are 
put on to or drawn off the lifting cages 

Ventilation of Mines 

Every coal-mine must have at least 
two shafts equipped with winding gear, 
so that the miners may not be trapped 
if one should be blocked Two shafts 
are needed also to give good ventilation 
underground 

Enormous quantities of air must be 
circulated thiough all parts of the 
workings to supply the miners with 
plenty of oxygen, as well as to cairy 
away any dangerous gases leaking out 
of the coal I he deeper a mine is, the 
hotter it becomes, and the greater is the 
need for an abundance of fresh an to 
keep the heat within bounds Usually 
the air-curront is produced by a huge 
in at the top of one shaft, called the 
“ upcast ’* shaft The foul air sucked 
up through this is replaced by fresh 
air rushing down another shaft, the 
‘‘ downcast,'* and led through all parts 
of the mines by light partitions, named 
brattices, placed in the workings befoic 
It reaches the upcast " 


In many mines to-day about tons 
of air are circulated every minute of 
the day This means that 5 or 6 
tons of air are often ciiculated for 
every ton of coal produced. 

Getting water out of a mine is as 
important as getting an into it Many 
mines would be flooded if the pumps 
ceased working a single day In 
some mines more than 1,000 gallons of 
water are pumped out every minute 
of the day, equal m many cases to 
several times the weight of the coal 
raised. 

Early pumping-engines were set at 
the top of a shaft and connected by 
rods with pumps at the bottom Now- 
adays pumps are usually driven by 
electnc motors placed in a chamber near 
the foot of the shaft and fed with 
current thiough cables running down 
to them from the surface The pumps 
themselves may have plungeis working 
in and out, or contain fan-hke blades 
which fling the water fi oni the m against 
the casing with such piessure tint it is 
forced to the suifai e 

Elntridty is being inoie and more 
• used m coal-mines for lighting the 
workings, hauling (oal, and diiviiig 
mechanical cutteis and we have now 
a number of all-electric " collienes 



\afiOHaJ Coal Board 

SCOTLAND'S NEWEST COAL MINE 


In every branch of the coal industry new ideas and modern meihods art being introduced and tht 
architect is called upon at» well as the geologist and cngineti This photogiaph sho\^s the model of 
the new Kothes Colliery in Fifeshire and gives an excellent idea of what it will look like when 

completed 



WHAT WE OWE TO COAL 



Specially drawn or this work, 

COAL AND ITS BY-PRODUCTS 

We are apt to think of coal mainly as a substance that produces heat by being burned. As a matter 
of fact, the by-products of this fuel are of almost incalculable importance, as can be soi n from 
this diagram, broin the chemist’s point of view coal is a 'omplex mixture of valuable chemicals 
and although the jirodiiction of gas from coal is not a new story the record of the chemicals 
now obtaino<l during the process of gas-making is a much newer and more f<iscinatiug story. 


T he fire having burned rather low, 
you take a lump of coal from the 
scuttle in the tongs and throw it 
on to the fire. Why do you do this ? 
Because you know that the coal will 
burn and give out heat. 

Yet you will be surprised to learn 
that from coal chemists can derive well 
over two thousand different substances, 
all of use to us I '‘Two thousand t " 
you may say ; “ surely that is im- 

possible ? " It is not impossible, be- 
cause It is actually being done. Ex- 
periments carried out patiently over a 
long period of years have shown that 
coal is a real treasure-house. Wc do 
not yet know the total of the riches 
that a lump of coal may conceal under 
its dull, dirty exteiior. 

The Elements of Coal 

If you were given, say, five i. tie 
squares of cardboard, each bearing a 
different number, you could spend 
a long time arranging them in different 
orders, without repeating yourself. 
Every time you made a new arrange- 
ment of them they would give you a 
new value, though the figures them- 
selves would remain individually the 
same. 


Now, in coal we have five main 
elements ; Carbon, hydrogen, nitrogen, 
oxygen and sulphur. Like the figures, 
they can be combined together in a 
great number of different ways ; and 
the substances which result from the 
different combinations may be far more 
unlike each other in their qualities than 
12345 is unlike 54321 in value. 

Wo get these substances out of coal 
by breaking it up into its elements, 
which are made to unite again in 
various ways. 

Wc can break up coal on a small 
scale m the following manner : We 
take a tin canister — a ^-Ib. coffee-tin 
does very well — fill it partly with small 
coal, replace the lid, and punch a small 
hole in the bottom. The tin is then 
placed bottom upwards in a clear 
fire. 

Vapour soon begins to issue from the 
hole. This is at first mostly steam, 
from the little water in the coal. 
Presently the vapour will light if a 
match be applied to it. A mixture of 
carbon and hydrogen, called coal-gas, is 
now coming away. It burns for a long 
time, but with a smoky flame, because 
it contains impurities. One of these, 
tar, blackens the tin round the hole. 
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M 

Ammonia gas and sulphur also pass thought that the smoke from the 

out. When the flame dies down, the locomotives would ruin the crops and 

coal has parted with everything that inime cattle near a track. So for a 

can be driven out of it by heat. On time the railway companies burned 

the tin being opened, there falls out a only coke in their engines because it 

mass of coke, which is carbon mixed gave out no smoke ; and you can still 

with certain mineral impurities. When see in places the niins of the old coke 

the coke is put into the fire it burns ovens used in those now distant days, 

without smoke, and the impurities But when it was found that, after all, 

become ash. coal smoke from engines did no harm 

in the country, and that what people 
How Coke is Used took for smoke was mostly steam, coal 

You see, then, that we have with our filled the place of coke. It was less 

canister broken coal up into several expensive, and a greater weight of it 

things, two of which, coke and gas, can could be carried on the tender, as it 

both be turned to give heat, and the took up less room, 

gas to give light as well. Coke is used Iron-smelters use coke for a diffeient 
in stoves and boiler furnaces, and for reason, which is that raw coal contains 
smelting iron. things that would hinder the production 

In the early days of railways people of good iron. 



WooddUr0uchham Company, 

A SCENE INSIDE THE GAS WORKS ^ 


Here we have a scene in an up-to-date gas works. In the foreground is the top of a producer with 
air blast equipment round it, while in the background is the waste heat boiler. The photogiaph 
was taken at the Poole and Pilwines works where 236 tons of coal are carbonised each day, making 
nearly four million cubic feet of gas, besides providing valuable by-products. 



Gas Couftcil. 


AT THE WORLD’S LARGEST GAS WORKS 

Coal is not a simple substance but a complex mixture of valuable chemicals. It is only in compara- 
tively recent times that the full possibilities of these chemicals have been realised, and new 
discoveries made concerning the by-products obtained Iror. the carbonisation of coal at the gas 
works. The largest gas w'orks in the world are at Beck ton. North Woolwich, seen here. 


William Murdoch’s Lamp 

In the early days of coke-making, 
no account was taken of the gas. This 
was allowed to escape into the air. In 
1792 a Scottish engineer, William Mur- 
doch, baked coal in iron vessels and 
collected the gas that came from it in 
air-tight bags. He would take one of 
these bags, and fit its neck with a stop- 
cock and a metal tube having a Si;;all 
hole in the end of it. When he wanted 
a light to guide him through the dark- 
ness to or from his work, he turned on 
the cock and lit the gas coming from 
the bag carried under his arm. 

Later on, Murdoch lit his house with 
gas, and presently some works at 
Birmingham. The idea of conveying 
gas through pipes for street lighting 


was soon afterwards taken up. Like 
most great inventions, gas-lighting had 
its opponents. It would blow up towns 
and poison the air, said some. It will 
destroy our Navy, said others, who 
argued as follows : “ We have used 
whale-oil for lamps in the past. If we 
use gas, whale-oil will not be wanted, 
and the wTiale fisheries will disappear. 
As our best sailors arc those trained on 
whalers, our Navy will be ruined when 
the supply of such sailors ceases.'* 

But arguments similar to these could 
not stop progress. In 1813 West- 
minster Bridge was lighted with gas, 
and people flocked to it to see the new 
lamps. “ How wonderful ! How 
brilliant I " they exclaimed. With the 
burners then used the brilliancy cannot 
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have been very great, as compared 
with oui* modem street illumination. 
But it doubtless was an improvement 
on the murky light from the parish oil- 
lamps which the gas-jets replaced. 

Gas-lighting soon spread all over the 
country. Every town got its gas- 
works, and gas pipes invaded one house 
after another. Explosions might occur, 
but they were few and far between. So 
people accepted gas as a good and con- 
venient friend which dispelled darkness 
and was always at hand when wanted. 

Heat Laid on Through Pipes 

For many years gas ruled as the king 
of light in towns. Then a rival — 
electricity — put forw'ard its claims. 
The eloctiic lamp was more brilliant, 
and it did not soil ceilings and decora- 
tions. But presently Auer von Wels- 
bach invented the incandescent gas 
mantle, which in turn beat electric light 
hollow for a time. Inventors replied 


with greatly improved electric lamps, 
and now the victory, so far as lighting 
is concerned, rests with electricity. 

If lighting had been the only use 
which could be made of coal-gas 
things might have gone badly with the 
gas companies. But gas has great 
advantages as a heat-giving factor ; it 
can be more easily regulated than any 
other fonn of fuel for general use, and 
Its cleanliness, speed and flexibility 
give it great advantages in such 
industries as food manufacture, whether 
in baking bread and cakes, sweet- 
making, or in cooking a host of other 
articles of everyday consumption. 

In millions of homes all the cooking 
is now done by gas, which, in effect, is 
heat laid on through pipes, like water. 
Hundreds of thousands of rooms and 
shops are heated by gas fires and gas 
stoves. And many thousands of fac- 
tories use furnaces heated by coal-gas 
for industrial processes. So coal-gas, 



Gas Council, 

DYEING KNITTED FABRICS AT THE DYE WORKS 


It was an Englishman, W. H. Perkin, who first obtained a dye from the substances derived from 
coal tar, and it was his dye which was first used to print the mauve penfiy postage stamps in the 
later years of Queen Victoria's reign. Yet the artificial dye industry was not developed in this 
country until after the 1914-18 war. To<day we are making 90 per cent, of our own dyes from coal tar. 
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SHEEP TAKING THEIR ANNUAL DIP 


Cas CounctI 


Most of oui well known disinfectants come fiom one 01 the othei of tlie oils dissolved from the tar 
produced at the gas works when coal is carbonised to obtain gas. It is from those oils that such 
preparations a^ sheep dip are made, and by ^aw all sheep in this countiy must be dipped once a year. 
In this photograph sheep aie receiving thou annual hath. 


after being threatened with downfall, 
is consumed in larger and larger 
quantities as the years pass by, and 
more people realise how convenient 
and clean it is in comparison with the 
raw coal from which it comes. 

The Four Useful Friends 

We said a little way back that coal- 
gas contains impuiities. But even 
these impurities have their uses. Into 
a gasworks there goes coal. Out of a 
gasworks there come, besides coke and 
gas, coal-tar and sulphate of ammonia. 

The last of these is the sulphur and 
nitrogen in the gas, collected and com- 
bined together. It is a very valuable 
fertiliser. Many people scatter it thinly 
on their lawns to make the grass grow. 
British farmers use many tons of it each 
year to help their crops. Some crops 
must have nitrogen supplied to them 
in a suitable foim, and the sulphate is 
just the thing for the purpose. A great 
deal of the food we eat has in it nitrogen 
derived from coal. Curious, is it not ? 


But it only goes to show that there is 
more in coal than one may suspect. 

A Journey to the Seaside 

It L really very difficult to get away 
from fual. We are off to the seaside 
for our holidays. How jolly it will be 
to exchange the smoke-laden air of the 
town for the fre&h sea-breezes ! 

We liail a taxicab, and are driven to 
the sttition over roads made smooth 
and dust less with the help of coal-tar. 
The petrol used by the taxicab's engine 
which hustles us along very possibly 
contains some spirit — benzole — ex- 
tracted from coal-tar. The locomotive 
which rushes us seaward is burning 
coal. The sleepers which support the 
rails flying away from under us are 
soaked with creosote, which is a pro- 
duct of coal-tar. Every one of them 
contains a large amount of this liquid. 
We flash past hundieds of telegraph 
poles, every one of which also has been 
steeped in the same liquid. And when 
we reach our destination and again 
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take a cab, as likely as not we shall 
travel over wood blocks protected from 
the weather by the same substance. 

If it were not for this very useful 
creosote, sleepers, poles and blocks 
would perish so quickly from decay 
that the expense of railway, telegraph 
and road repairs would increase 
enormously. 

The creosoting has to be done in a 
very thorough way. Mere painting 
over with creosote is of little use if the 
protection it gives is to last for years. 
The method used is very interesting. 
Truck loads of sleepers are pushed into 
a long steel cylinder. The doors at the 
end of this are then closed and sealed, 
and all the air is sucked out. 'Fhe 
pores of the wood are now quite empty. 


even of air. Next, the cylinder is 
filled with hot creosote under great 
pressure. The creosote sinks deep into 
the wood, filling every crevice, and 
making it quite waterproof 

Wonders of Tar 

Creosote is only one of very many 
things obtained from tar. Have you 
ever tasted saccharine ? It is a white 
powder hundreds of times sweeter than 
sugar. People whom the doctors do 
not allow to eat sugar sweeten their 
food with it. It is extracted from tar ; 
as, too, is the hard white substance 
with a rather pleasant smell, called 
naphthalene, which is put into drawers 
containing clothes and furs to keep 
moths, and other insects away. 



Times have changed since these lamps were used by miner!;, and, just as there havet been great 
advances made in coal-getting and in safer equipment for miners* so has tremendqius progress 
been made in the utilisation of coal. All the lamps in the unique collection seen above had 
exposed flames ; most of the lamps were made to hang up or to be supported by metal which 

could be driven into the coal face. 
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PURIFICATION PLANT 


Some idea of the complicated processes by which the 
many valuable products from coal arc obtained durinj^ 
the manufactuie of gas is given by this picture of the 
complete wet puiihcation plant installed m recent years 
al *i S>uth London gas works 


WHAT 

We clean our clothes with 
another tar product — benzene. 
Carbolic acid, which can bum 
the skin dreadfully, but is a 
very useful disinfectant, comes 
from tar. From tar also we get 
a great number of drugs. If 
you are a photographer and 
develop your own plates or 
hlms, you will use chemicals that 
once were locked up in coal. 

The chemist has succeeded in 
winning from tar a whole host 
of perfumes imitating very 
closely the scents of thyme, 
hyacinth, mimosa, rose, lilac, 
mask, lilies, violets, heliotrope, 
jessamine and other flowers. 

And from evil-tasting tar he 
also ‘‘^tracts essences which 
deceive one into thinking that 
they came from cinnamon, 
almonds, peaches, cherries, 
vanilla, and so on. 

The Romance of Tar Dyes 

About the middle of the last 
century, a young English chem- 
ist, William Henry Perkin, 
carried out some experiments 
with coal-tar in his little private 
laboratory. One day he obtained a 
black powder that stained things a 
purplish colour, to which he gave the 
name of " mauve.” He sent a sample 
of the powder to a great firm of dyers 
to test. They were so pleased with it 
that Perkin set to work on extracting 
other dyes from coal-tar and discovered 
several new ones. 

Perkin thus became the founder of 
the great industry of making artificial 
dyes from coal-tar. Hundreds of 
different colours have been found, very 
many of them by German chemists. 
Artificial dyes have largely taken the 
place of natural dyes extracted from 
indigo, logwood, madder and other 
vegetable substances, being cheaper 
and in some ways better. 

The industry had become German to 
such an extent that, when the War of 


1914 -18 broke out, and we could no 
longer obtain dyes from Germany, a 
very difficult position was created. For 
without dyes the making of coloured 
woven fabrics of all kinds and punting 
colours would be brought to a stand- 
still. British chemists had to buckle 
to and find out how to pioduce dyes in 
British factories They soon were turn- 
ing them out in large quantities 

We have said that it is difficult to get 
away from coal. The truth of this be- 
comes more evident when we reflect 
that the clothes we wear, the curtains 
of our rooms, our wall-papers and a host 
of other coloured objects are dyed with 
substances derived from coal. 

Oil from Coal 

When coal is heated in the chambers, 
called retorts, to drive the gas out of it. 
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the heating may be carried to a point 
at which the greatest possible amount 
of gas is obtained. This would yield 
about 15,000 cubic feet of gas from a 
ton of coal. 

But if less heat be used and we are 
content with less gas, we can obtain 
from coal a very useful quantity of oils 
of different kinds, which are made up 
of the same elements as coal-gas, 
differently combinetl. 

It has been calculated that it would 
be possible to obtain 560,000,000 gallons 
of motor spirit and 3,000,000,000 gallons 
of fuel oil from the 150,000,000 tons of 
coal which we bum in Britain every 
year. And we should still have for our 
fireplaces and boilers about 100,000,000 
tons of a fuel rather more gassy than 
coke, but burning readily, without 
smoke. At present we import hun- 
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dreds of millions of gallons of petrol 
(motor spirit) and huge quantities of 
fuel oil, paying out millions of pounds 
of money in exchange. 

Artificial Oil 

Even yet we do not know the full 
value of coal. It may have possi- 
bilities of which we hardly dream. 
Chemists are greatly interested in a 
process for getting oil from coal, not 
by distilling the coal, but by forcing 
hydrogen to combine with raw coal. 

'riie process brings powdered coal 
and hydrogen-gas together in a very 
strong chamber, into which the gas is 
pumped until it has a pressure of about 
3,000 pounds to the square inch. The 
cliamber is heated from outside, and 
the pressure and heat between them 
produce a tarry liquid, somewhat like 









FOR FERTILISING THE GROUND 

Sulphate of ammonia is well-known to farmers and gardeners as an important artificial fertiliser, 
and in this picture is seen a centrifugal machine for the separation of sulphate of ammonia for 
this purpose. At the gas works nearly 75,000 tons of sulphate of ammonia are made available 
each year to meet the demand both by agriculturists and by the chemical industry. 




WHAT WE OWE TO COAL 


21 


Every ton of coal used at the gas works produces:- 
H ton of coke-15,000 cubic feet of qqs. 
25 lbs sulphate of ammonia (for fertilisers) 
Sqallonsof benzole (motor spirit) 
lOqolbns of tar 

1 
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rur TREASURE IN COAL 


Gits Counfti 


In tins ilia^,jiani a iicidl iiidKcituni is mvoii ot what hy-piodutts aio Dblainctl fiom a ton of coal 
diiiiii^ Its tieaMriMit <it the j'as works Cras is tho pninaiy product, but tho tar which is one of 
several by-products is also highly valuable since it provides the raw material for a large mnnber of 
othei industries Fiom it come disinfei tants, preser\ atives, explosives dyis, synthetic perfunu's, 
food flavourings, and many other useful substances. 


petroleum as it comes from the ground, 
and containing most of the coal in a 
new form. When distilled the lic^uid 
yields motor spirit, lubricating oil, fuel 
oil, and pitch. 

It is at present perhaps too early to 
say whether the hydrogenation of coal, 
as this process is named, will be an 
entire success, l^ut if it turns out to 
be all that is hoped for it, coal-fields will 
become a more valuable possession even 
than they are at present. 

Paying with Coal 

We have to import a great i. iny 
things which wc cannot produce at all 
ourselves, such as tea, coffee, cocoa, 
maize, tobacco, cotton, silk and zinc ; 
or of which wc do not produce enough 
to meet our needs, such as wheat, sugar 
and meat. These must be paid for largely 
in things exported. Chief among these 
are woven fabrics, steel, iron and coal. 
Coal was at one time sent abroad in very 


large quantities, amounting in 1913, for 
instance, to 73,000,000 tons. Owing 
to the vvar exports fell almost to zero, 
but gi'\*t efforts are now being made to 
build up this important trade once again. 

Ail the year round ships were loaded 
with coal in ports in South Wales, on 
the north-cast coast of England, on 
the Humber, and on the Clyde. Many 
of the docks are equipped with special 
coal-loading machinery. A truck is 
lifted bodily w^ith its contents, which 
are discharged through end doors into 
a shoot. After the war the export 
of coal practically ceased as we needed 
every ton in our own country. 

It is hoped that this great export 
trade will be restored in due time, but 
at present strict economy in the use of 
coal is essential. In the past we have 
treated it in rather the same fashion as 
the Chinese of Charles Lamb’s famous 
story treated their huts when they 
burned them down to roast pigs shut 
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up inside them. Coal is a great deal 
more than fuel. By burning it in its 
raw state to get heat, we waste an 
immense amount of valuable sub- 
stances. This is being realised more 
fully every year. Many people are 
working out methods of distilling coal 
which will give us a smokeless fuel while 
saving the precious things which we 
allow to go up our chimneys. 

The importance of this aspect was 
stressed in the Report on Coal Utilisa- 
tion Research in Great Britain, issued 
by the Parliamentary and Scientific 
Committee : " Our very life as an in- 
dustrial nation depends upon maintain- 
ing supplies of energy and raw materials 
for manufacturing processes. Our cli- 
mate obliges us to use immense 
quantities of fuel to warm our homes 
and places of work. There is no possible 
means by which we can offset the falling 
productivity of our mines except in- 
creasing the value and efficient use of 
the coal we are able to produce.” 


J 



Nearly a Foot Deep 

The gain will be twofold. We shall 
use om: coal better, and at the same 
time get rid of a great deal of smoke 
which, while in the air, shuts out sun- 
light and is bad for our health, and, 
when it falls, fouls and damages every- 
thing upon which it settles. 

We are told that the soot which falls 
in London alone during a year is enough 
to cover the 390 acres of Hyde Park 
nearly a foot deep. Experts also say 
that smoke costs the coxmtry over 
£40,000,000 a year in waste and damage 
to property. Things are not, however, 
so bad as they were, since more gas is 
used now than formerly for heating. 
But there is plainly plenty of room for 
improvement in this respect when you 
hear that in a test it was found that m 
one year dust, soot and other impurities 
equal to 563 tons to the .square mile fell 
at Liverpool ; 390 tons in London ; and 
237 tons at Edinburgh. 



* fVoodaltWuckMam Company. 

WHERE COAL IS CARBONISED < 

Here is another view taken in a large gas works. In the middle of the picture can be seen the 
chamber charging lids ; on the right are the gas ofitake pipes. In the centre badeground is the 
coal charging car for the chambers The coke charging skip for the producers is in the left back- 
ground, while the charging lids for the producers are on the extreme left. 




A DAY IN THE LIFE OF A MINER 



Crawling up to the coalface is hard on the knees and miners often wear protective pads In 
this picture a miner is filling ” coal — clearing away the coal which has been cut by the machines 
on to the conve\or which carries it along to the loading p^iint where the tubs, controlled by the 
lod,d(rrnan, are marshalled and filled befoic oeing hauled away on the first stage of their journey to 

the surface. 


W E have read in previous chap- 
ters the stoiy of a lump of 
coal : how it was formed 
under pressure through untold cen- 
turies from the forests and vegetation 
that existed before man had appeared 
on the earth. We have learned, too. 
something of the many different sub- 
stances which this black rock from 
beneath the surface yields us to-day 
apart from its use as a fuel. 

Now we come to the mine itself and 
particularly to the men who go down 
the deep pits where this buried treasure 
lies. TTie most prominent object 't a 
coal mine is the winding or head gear, 
those twin wheels at the top of a steel 
structure w'hich are usually visible for 
miles around. Over these big wheels 
run the steel cables which raise or lower 
the cages to cany their loads of men or 
materials between the surface and the 
workings underground. 

There are always two or more shafts 


to any colliery. One of these two 
shafts IS called the upcast shaft because 
it has a power-driven fan which sucks 
the \W'd air out of the mine. The 
vacuum thus caused automatically 
dra\;s fresh air in, down the other which 
is the downcast shaft. Around the 
bottom of the shafts an area of coal 
is left unworked and this serves as a 
pillar of support to the shaft and to 
the winding gear and buildings on the 
surface. 

In the Lamp Room 

Before going down the pit, the miner 
first calls at the lamp room. To-day 
this is usually lined with racks fitted 
with electric lamp accumulators which 
are being charged. On his head he 
has a black, light-weight helmet, and 
to the front of this his electric cap- 
lamp is fitted. A belt round his waist 
takes the accumulator, connected to 
the lamp by a length of strongly- 


THE DEPUTY GIVES FIRST AID 



One of the important underground officials is the deputy who is in charge of a district, and is 
particularly responsible for safety precautions in the mines. In this picture the deputy is seen after 
collecting his lamps as he receives his B'irst Aid box before going on duty. 



Photos : tfational Coal Board, 

Safety and health are two aspects of the miner’s life whicn receive constant study, Many mines 
now have a medical centre under a medical officer and with a trained nurse in attendance. Training 
in First Aid is given in all Divisions, and there are First Aid looms in every mine. Hero we see a 
coal-getter who has received a minor injury' having attention in an underground office. 
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IN CHARGE OF THE WINDING GEAR 



Above the undcrgroiiiicl workings is the winding or head gear and the operator in charge works to 
the signals frcTu tlie intht ad and is also in constant touch with the e>nscttei at the bottom of the 
bhaft A cage < arrying men makes its journey at a slowtr race than one carrying a load of coal tubs 



PkoUa Naiwnal Coal Board. 


Some idea of the winding gear itself is gi\< n in this picture Apart from the men working down the 
mine there are highly responsible jobs for traiiud men on the suifacc and not the least impoitant 
are those of the operators in charge of the winding gear and the power driven fans which give full 
and adequate ventilation to all parts of the workings underground 
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insulated flex. Certain men may take 
an oil safety lamp as well. The deputy, 
for instance, who is particularly con- 
cerned with the safety of the mine, 
uses a safety lamp when making his 
regular tests for gas in the workings. 

Then from the lamp room the miner 
walks across to the big shed from the 
top of which the winding gear is seen, 
and in this shed are the gates of the 
shafts. Both tubs and men are carried 
up and down the shaft by two cages, 
most of which have two decks. Tubs 
and men, of course, are never carried in 
the same cage, and there is a different 
speed, strictly kept, for lowering the 
tubs or lowering the men. The cage 
carrying the tubs travels at a much 
faster rate than that used by the 
men. 


The bell signals are given to the 
engineman in control of the winding 
gear, and to the onsetter guarding the 
gates at the shaft bottom, perhaps 
2,000 feet or even more below in the 
blackness. None of the men who enter 
the cage have either cigarettes or 
matches in their pockets. 

There are of course many types of job 
in a modern colliery both above and 
below ground. Mechanisation has gone 
rapidly ahead and much of the hard 
work of cutting the solid coal seam is 
now done by machines. Plenty of hard 
work remains to be done, however, and 
coal-getting is still a " man’s job ” in 
every sense of the term. 

Down the Mine 

Inside the cage the men who are 
going down grasp the 
bar above their heads 
and the final bell signal.s 
are exchanged. Then 
the cage begins to sink, 
gathering speed as it 
descends, btit gradu- 
ally slowing down on 
the last stage till it 
lands gently at the 
bottom of the shaft. 
Here one steps out into 
a brick or concrete-lined 
hall, well-lighted, and 
from this runs the 
" main road " as the 
principal tunnel into 
the mine is called. At 
intervals along this 
main road are telegraph 
signal po^ts to com- 
mimicate ; with the 
engine mu in control 
of the hduling of the 
tubs. Trore are tele- 
phones, in com- 

municatioii with every 
part of th 4 mine through 
the central telephone 
exchange at the sirrface. 

This main road is 
also a railway, and 



SaHonatCoal Board. 

A MODERN COAL-CUTTING MACHINE 


Both above and below ground expert mechanics* fitters and 
electricians are employed in installing and servicing the coal- 
cutters* loaders* conveyors* ventilating fan motors* electric drills* 
etc. Here we see one of the coahcutting machines being serviced in 
the workshop. 



DRIVING A NEW ROADWAY 



Nahonai Coal Board 


There are about 14,000 miles of underground roadways in the coal mines of Britain, and the work 
of driving new roadways or extending old roads is carried on steadily as the mine is developed. 
This photograph shows part of a modern drill ng. which is mounted on a truck. High-speed 
drills, carried on booms, bite into the solid rock which is later brought down by explosives. 
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SETTING SCREW JACK PROPS 

Mechanisation in the mine has not robbeci coal-getting of all its 
hard work, nor has it yet made it a clean job. Here we sec mineis 
at work setting screw jack props behind the cutter of a Meco-^Toore 
Cutter-Loader. 


work goes on through- 
out the 24 hours and is 
divided into three main 
shifts, each working 7J 
hours, though the men 
on the shift may be up 
to another half-hour 
below ground, accord- 
ing to the time it takes 
to raise them all in the 
cages. 

Coal-getting depends 
on team work. As the 
coal face advances each 
day the rocks forming 
the roof subside towards 
the floor. Men on the 
afternoon shift build 
“packs" — piles of 
tightly-rammed debris 
encased in walls built 
of larger pieces of stone 
— at intervals. At the 
same time the road- 
ways are being ad- 


both full and empty 
tubs are on the move 
to and from the cages 
all the time. The noise 
can be imagined. Where 
there is a long journey 
from pit bottom to coal 
face the men may do 
the first part of their 
journey in one of these 
trains or tubs. They 
may have to go a couple 
of miles or more to the 
place where they are 
actually working. 

At first the road may 
be ten feet high and 
steel girders support the 
roof and sides which are 
bricked or concreted, 
But gradually the tun- 
nel narrows and the 
tidy sides give way to 
rougher planks. 

In most collieries 
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IN TH£ PITHEAD BATHS 


At the end of his shift the miner gets rid of his grime in the pithead 
shower baths before going home. Each man has an aluminium 
locker for his clothes to which hot air is supplied by a duct. 
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vatlccd, and gilders are 
set to support the roof 
and the sides of the 
roadway. Probably the 
men on this shift dis- 
mantle the conveyor 
and reassemble it in a 
])ath closer to the 
face. 

As the men on this 
shift complete their 
work their places are 
taken by the men on 
the night shift. On this 
shift the coal is cut, the 
rows of props and bars 
that supported the roof 
on the previous day are 
moved forward and the 
conveyor in the “ main 
gate IS extended so 
that the coal from the 
face conveyors which 
have now been moved, 
possibly a yard and a 



A PIT PONY AT WORK 


Orddudllv the pit pomes aie beiUR loplaced by elect rn traction or 
diesel locos There were still some 17 000 ponies at woik in the 
pits in i<i5i They go down as four-year-olds, and often stay for 
between ten and twenty years 
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REPLACING THE PONY 

Other methods of transport have invaded the mines just «ls the 
horse-drawn 'buses in the streets have given way to motor 
transport Here we see one of the diesel locos at Hatfield Mam 
Colliery coming in to its underground garage. 


half foi*waid, will .still 
pour on to it. 

Two men noinially 
work witli the coal- 
cutting machint'. One 
is in cbaigc of the oj)eia" 
tion of the machine, a 
second clears up the 
small pieces of coal and 
dust made in cutting 
and inserts wedges into 
the cut to keep the coal 
from falling too soon. 
Other men remove and 
re-set props as the 
machine moves along 
the face. 

Other men bore holes, 
usually about 2 inches 
in diameter, into the 
coal. In these shot- 
holes explosives will be 
put to blast down the 
coal. One man will 
operate a compressed 
air or electric drilling 
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machine, bonng the iihotholcs along 
the face. One or two shotfirers will 
later insert a charge of explosive in the 
holes, fill up the rest of the hole with 
clay or " stemming ” and blast down 
the coal. These " breaking in ” shots 
enable the colliers who go to work on 
the next shift to get the coal. 

Working at the Face 
Usually the men on the morning shift 
“ get ” the coal at the face, while 


other men work the haulage to trans* 
port the coal from the face to the 
shafts. At the pit bottom are men who 
load the full tubs into the cages, as well 
as pushing out and sending back to the 
w’orkings the empty tubs that return 
down the shaft. 

There may be thirty, or even twice as 
many, employed on a longwall face 
" filling ” coal, the number depending 
on its length. They set supports to 
secure the new roof as it is exposed 
The coal from the 
face conveyors is fed 
on to the “gate” con- 
veyor which carries it 
along the “ gate ” to 
the loading point 
where the tubs, con- 
trolled by the loader- 
man, are marshalled 
and filled The tubs 
pass along the road- 
ways where the boys 
and men working on 
the haulage couple 
them ufuinto trauis 
and clip them to the 
haulage rope. 

A haulage engine- 
man looks after the 
engine which keeps 
the haulage ropes 
moving, pulling the 
full tubs away from 
the face and drawing 
the empty tubs back 
towards it. At a 
junction of two or 
three roadways the 
haulage workers may 
have ti detach the 
trains from one rope 
and atbch them to 
anothed At some 
junctioBs the work 
may be^upervised by 
a " corporal ” whose 
job it 6 to see that 
the track is properly 
laid, that supplies 
needed at the coal 
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PIT HEAD GEAR AT A MODERN COIXIERY 
In 1945 a Government Committee of Mining Engineers vas appointed 
and later recommended a big programme of reconstruction and develop- 
ment in our coal mines During the past few years a great deal has been 
done to modernise our collieries and this photo^aph shows the up-to- 
date pit head gear at the Mosley Common CcSliery in Lancashire 
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National Coal Board 

IN THL LAMP ROOM 


Before going down the pit ciic miner calls in at the lamp room 
On his head he wears a black, light-weight helmet, and to the front 
of this the electric lamp is htted. The acciinmlator is hung on his 
belt and is connected to the lamp by a length of strongly insulated 

flex. 


face, such as steel 
arches, pit props and 
bars, timber and 
machinery, all reach 
their right place, and 
that the movement of 
the tubs is not held up 
in any way. 

The pit pony is still 
used in some mines, but 
gradually the numbers 
employed below ground 
are being reduced. In 
1951, however, there 
were still some 17,000 
ponies working in our 
mines. Just as modern 
methods and modern 
ideas have improved 
the working conditions 
of ihc miners them- 
selves, so have modern 
standards improved the 
conditions under which 
the pit ponies of to-day 
carry on with their work 
below ground. 

Screening and Washing 

When the cage of full 
tubs reaches the surface, 
the “ banksman ” 
pushes the empty tubs 
into the cage and the 
full ones out at the 
other side, though in 
some mines this is often done by pneu- 
matic rams. The coal in the tubs 
passes to the screens where it is tipped 
out and sorted into sizes. The small 
coal goes to the washery where it is 
cleaned and again sized. This washing 
plant is a very important part 01 'he 
equipment of most collieries. A 
stream of water is passed through the 
mixture of small coal and rubbish and 
drives the coal away as it is lighter 
than the stone, slate, etc. which is left 
behind. 

Research work and experiments are 
being carried out continuously and 
experts believe that in various 


blanches of the industry big ad- 
vances will be made m the next few 
years. 

Roughly about hall the total number 
of men employed underground are 
engaged m the actual task of getting the 
coal and putting it in the conveyors and 
tubs which take it away. At the time 
of the Reid Committee, whose report 
was published in 1945, it was considered 
that our old-fashioned haulage system 
was mainly responsible for keeping down 
the output of the mines. Since then the 
task of installing coal-cutters, mecha- 
nical conveyors and haulage loco- 
motives has been a high priority and 



THE MAN WHO FIRES THE SHOT 
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One of the most responsible jobs m the mine is that of the man known as the shot fiiei He 
carries all explosivt charges in a locked canister to which there is only om k( \ whuh never 
leaves hib possession Here he is seen unlocking the* canister before hxing and firing the shot 

to dislodge the coal 




Phetos Mirror FeatureB 


Ihc shot has liecn fired and has done its work succcssailly, bringing down some thirt> tons of 
coal In some* mines the meclianical loader moves forward and draws the coal into the 
clectncall) -driven shuttle-car In otlicxs the coal is filled on to conveyor belts and later trans- 
ferred to wagons 
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A SAFE ROOF OVERHEAD 



All the underground galleries in a coal mine must have adequate support fOr the roofs. In 
main roads near the shafts brickwork or metal rings similar to those used on underground 
railways may be used. Nearer the coal face where the galleries are smaller wooden pit-props 
are used to support steel girders. The pit-prop is cut to the required length, then hamme^ 
into position, wedges being used when necessary. It is essential that the steel bars supporting 

the roof shall be exactly horizontal. 
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has already brought about a great im> 
provement. 

Electricity to-day does all the winding 
and hauling in many mines, and the 
pumping in almost every mine. For 
every ton of coal that comes to the 
surface several tons of water may have 
to be pumped from the mine to the 
surface. In most mines the pumps 
never cease their work throughout the 
year. 

Finding a Fault 

On the whole the daily round of the 
miner does not continue uninterrup- 
tedly on the same job for so very long. 
Apart from the different tasks which arc 
undertaken by each shift there may be 
changes at the coal-face itself. One day 
a last strip of coal is got from the face 
to leave a waU of solid rock confronting 
the next shift. A " fault ” has been 


encountered ; a great crack in the 
earth's crust breaking the continuity of 
the layers of rock, the edges of which 
have slipped bringing the coal on one 
side of the fault above the coal on the 
other side. The seam may continue at a 
higher level above the roof of the old 
face, or at a lower level, below the floor. 

Drifts may have to be driven through 
the rock to get at the displaced seam 
so that coal-getting can begin again as 
soon as possible. The transport of the 
necessary materials and machinery, 
laying the sleepers and rails, track for 
new haulages, all these are jobs which 
the miner is called upon to do when 
necessary. 

There is quite a wide variety of jobs, 
too, among the men who work under- 
ground. The Coal Cutter operates the 
coal-cutting machine, which is driven 
by compressed air or electricity ; the 
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BOYS LEARNING THEIR JOB 

Boys who enter the mining industry go first to a Grou{. training centre which serves a number of 
collieries. Their training here lasts for i6 weeks, after which they go to their 6wn colliery where 
they gain practical experience under their own training o£hcer. Here we see a group of trainees 
down the mine where they are being taught how to clip the tubs to the haulage rope. 
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THE DEPUTY TESTS FOR GAS 

In some coalfields the deputy is known as the “ examiner/' or “ fireman " He is responsible for the 
safety of his distiict, and among his tasks is that of making tests for gas One of the best methods 
IS the use of the dame safety lamp When the flame is ♦nrned down to a narrow line on top of 
the wick, a halo, or " cap,” is formed above the llamc if fiiMkimp is pioscnt A trained man can 

detect as little as i J% of firtvl*mp 


Coal Hewer brings down the cut coal 
from the coal-face, either with a hand 
pick or by mechanical pick, while the 
Ripper cuts away rock over the seam to 
enable the roads to be made, levels 
roadways, and sees to supporting 
timbers or steel arches. On this work 
he uses power drills and explosives when 
necessary. 

The train of tubs which carry the 
coal away from the coal-face is drawn 
by the engine under the control of the 
Haulage Engine Man, while there are 
Electricians and Fitters working down 
the mine to install and service the coal- 
cutters, loaders, conveyors, ventilating 
fan motors, electric drills, and other 
underground machinery. 

On the staff side there is the Agent 


who exercises technical and adminis- 
trative control over two or more 
collieries, while the Colliery Manager 
looks after and directs the day-to-day 
work of his own particular mine. In 
charge of all underground workings 
during his shift is the Under Manager, 
while the Colliery Engineer is respon- 
sible for the maintenance of the 
mechanical and electrical equipment 
and the Surveyor keeps all the plans of 
the workings up to date. 

The Overman is in charge of a section 
of the underground workings, and the 
Deputy looks after a district and is 
particularly concerned with safety. In 
some coalfields the Deputy is better 
known as the " examiner ” or " fire- 
man.” He examines the district at 




THE COAL-CUTTER ANt> tHE SHUTTLE-CAR 



In the Whitchill Colliery the most remote coal faces are over three miles from the pit bottom, 
and the mine itself is 2,730 feet underground. It is fully mechanised, and our photograph 
gives a view of one of electricaUy-dnven Sullivan Coal-cutters which cuts into the 
bottom of the coal face to a depth of about six feet. 





i 




Mirror 


Once the Coal-out ter has done its part the work of getting out the coal is very much easier. In 
some modem mines it is loaded into the shuttle-car and driven off to the conveyor belt. There is 
90 pony or manual haulage in this colliery and the shuttle-car seen hers is being driven by % 
' young miner. 
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ABOVL AND BFLOW GROUND AT A COLLIERS 
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A NEW MINE IN SOUTH WALES 



•' South Wal^ Argus ’* 


Many collieries hav( < <jen reconstructed and remodelled in recent times A number ol new collieries 
have been sunk, while small pits nearing exhaustion have been closed Among mines reopened and 
remodelled m recent years is one at Nantgarw in South Wales which produces a type of coal 
particularly suitable for carbonisation, producing gas, coke, and the various products of gas manu- 
facture. The photograph shows NiUitgarw during reconstruction 
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least twice every shift to see that 
everything is in order and at the end of 
his shift he compares notes with the 
incoming deputy before going off duty 
and making his report to the manager. 
In testing for gas the “ deputy ” uses a 
flame safety lamp. He calculates the 
amount of firedamp from the height of 
the flame. 

Testing for Gas 

There are many other jobs at a 
colliery : shaftsmen, boilerman, store- 
men, lampmen, pumpmen, safety 
officers, training officers, dust suppres- 
sion officers. Then in the workshops 
above ground fitters are kept busy in 
repairing and maintaining the great 
variety of mechanical devices used, 
while in the blacksmiths’ shop the tools 
are sharpened and tempered, steel 


arches are repaired, and work which 
requires oxy-acetylene welding is 
carried out. 

The training officer at the colliery, 
who IS responsible for the welfare of the 
workers during their first six months at 
the mine, is able to give advice to any 
lad about the particular job for which 
he is best fitted. There are many 
opportunities for young men to take 
courses of advanced study to qualify 
them as technicians, undermanagers, 
and surveyors. 

As long ago as 1920 a “ Miners’ 
Welfare Committee ” was set up by Act 
of Parliament, and a levy was imposed 
on every ton of coal to provide the 
money. Much of the money has been 
used to build pithead baths so that the 
miner can leave the pit dirt at the 
colliery and travel to and fiom work 
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WORKERS AT THE .SCREENS 

In the picking sheds the large coal is sorted, any foreign matter such as stones, shale or 
slate being thrown out by experienced men as the coal passes o\er an endless chain of trays 
known as screens The position of these scret-ns is shown in the diagram of the washery on the 

opposite page 
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WHERE COAL IS SCREENED AND WASHED 

The big brick and steel structure which is a prominent feature at many collieries is known as the 
washery. When the coal comes from the pit it is a mixture of large and small pieces and a certain 
amount of rock and dirt. This mixtuic has to be cleaned and sorted, and in the above diagram a 
general idea is given of the various stages through which the loads from the mine now pass. The 
smaller coal is tipped into tanks of water which are kept agitated. The stone and other impurities 


sink while the small coal floats off and over 

clean and well-dressed. Apart from 
these pithead baths, over i,ooo weL re 
institutes and outdoor recreation 
schemes, as -well as nearly a score of 
convalescent homes, have been pro- 
vided. 

Present coal-cutting methods result in 
considerable quan.'ities of coal, amount- 
ing to about 10%, being reduced to dust 
or very fine, dirty coal. How to convert 
this into serviceable fuel has been the 


a miniature weir to grids, where it is dried. 

subject of recent experiments. Methods 
have now been devised whereby this 
dust can be efficiently cleaned and 
converted into top quality fuel in the 
form of briquettes. In due time this 
should lead to the addition of several 
million tons of coal to our yearly 
production of fuel. 

There is no industry more important 
to Britain than coal-mining. Nearly 
700,000 miners are employed and more 
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are wanted to increase the output which first of all to a Group training centre 
amounted in 1952 to over 212 million where films, charts and pictures are 
tons of deep-mined coal. A coal-miner*s used to explain how coal is brought 
jobmay not have the glamour of certain from the pit face, how the mine is 
other callings, but a great deal has been ventilated, and many other details, in- 
done in recent years to make the con- eluding demonstrations on how the job 
ditions under which the miner works is done. Part of his time is spent in 
as pleasant as possible. school where English mathematics. 

In the old days a boy who went into mining science as well as physical 
the mining industry usually learned his training are among the subjects taken, 
job from a relative or older friend who Boys spend sixteen weeks on this part 
was anxious to help him. Nowadays, of their training, while older men take 
with mechanisation changing the a shorter course, 
methods of working, this famUy party After leaving the training centre the 
plan, excellent though it was, has new mine-worker goes to his own 
almost completely disappeared. colliery. His training at the coal face 

Realising this, regulations have been lasts for at least sixty days, and the 
introduced to ensure the proper train- new boy learns from a trained worker 
ing of all new entrants. A boy goes the best way of doing the job. 
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BY-PRODUCTS FROM IHE COAL MINE ' 


On an earlier page is a picture of work in progress at the new nune at NantgarW in South Wales. 
In this picture we have a view of the coke ovens and by-products plant at Nantgarw. It 
will deal with some 1,500 tons of coal daily, yielding 1,100 tons of coke as well as 18 million cu. feet 
of gas for r arditf and neighbouring towns, 4 tons of concentrated ammonia and 3,000 gallons of 

benzole. 




ALL ABOUT IRON 



Brtitsk Iron & Ste^ Federation 


AN IRONSTONE QUARRY IN NORTHAMPTONSHIRE 

This photograph shows the first stage m the production of iron and stool The big mechanical shovel 
removes the “ overburden * to expose the ore The lower shovel digs out tho ore and loads it into 

wagons 


I RON and steel are inseparable from 
our everyday life whether we are 
awake or asleep We sleep on beds 
with steel springs On rising, we wash 
ourselves with Nvater pumped through 
iron mams, and, if necessary, remove 
whiskers from our faces with a steel 
lazor. At breakfast, the milk on our 
porridge oi in our tea may have 
travelled over a hundred miles the 
previous night in a steel tank-wagon 
over steel railway lines and hauled by 
a steel locomotive. Then we go to 
school or to work, perhaps on a bicycle 
which is practically all steel except for 
the rubber tyres and leather sa Mle 
The streets may be lined with iron 
lamp standards, there may be steel 
tramlines let into the roadway. Per- 
haps on the way we pass under a steel 
railway bridge. Cars and buses pass, 
made up almost wholly of iron and 
steel, except for the tyres and uphol- 
stery. Electricity and gas supplies 
depend upon iron and steel, and much 
of our food is imported from overseas 

4 * 


in steel ships and cooked on stoves and 
in ovens made of iron Iron and steel 
never cease to affect us intimately 
thron* bout the day until the steel bed- 
spring'^ claim us again at night 

So iniportant are iron and steel, that 
economists compare the material wealth 
of different nations by estimating how 
many pounds of steel are consumed in 
them every year for every one member 
of their populations. 

Iron and steel are very closely 
related, but the words are not just 
different names for the same thing. 
There are three kinds of iron and, to 
understand the relationship between 
these and steel we may draw up a 
" family tree like this — 
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Cast iron, wrought iron and steel are 
finished products, that is to say, 
materials from which useful articles 
(machinery, etc.) arc made. Iron ore is 
the raw material which occurs in 
Nature, while pig iron and scrap are 
intermediate products, that is to say, 
they are of no use in themselves except 
as a means of producing iron and steel. 

In telling the story of iron and steel 
we shall first examine iron ore and see 
how pig iron is produced from this. 
Then we shall see how cast iron and 
wrought iron are produced and what 
they arc used for. Finally, we shall 
see something of the more difficult and 
costly business of making steel, of 


which there are a great many varieties, 
and the kind of things it can do for us 

Iron Ores 

Iron does occur in certain parts of 
the Earth as " native " iron, that is iron 
not in chemical combination with any 
other element, but the amount of such 
iron is so small and in such awkward 
places that it is not worth while to 
collect it and use it for any purpose. 
The sources of all our commercial iron 
are iron ores which for the most part 
are oxides of iron, i.e., iron combined 
with oxygen and, to a lesser extent, 
iron carbonate, a compound of iron, 
oxygen and carbon. 

The richest of these ores which 
contains over 72 parts of iron in 100 
of ore is called magnetite because it 
is magnetic and is mined exten- 
sively in Northern Sweden at Kiruna 
and Gellivaare. There are othei 
deposits in various parts of the 
world. 

Next richest is hematite, which is 
red-coloured and is named after the 
Greek word for blood. It contains 
70 parts of iron per loo. It is mined 
fti Cumberland and North Lanca- 
shire and in South Wales. Enor- 
mous deposits have been worked in 
the American state of Minnesota at 
Mesabi on the western tip of Lake 
Superior, and further large deposits 
are being explored in Brazil, Vene- 
zuela, Labrador, etc. It is also mined 
and exported from Spain (Bilbao 
being the chief port) and N Africa. 

Litnonite is similar to hematite 
but contains chemically combined 
water, making it a “ hydrated ” ore 
and therefore less rich. It |s fre- 
quently found in marshy plapes as 
“bog iron ore” and derives its 
name from the Greek wodd for 
meadow. It contains 60 pa^s of 
iron per 100, and is extertsively 
mined and smelted in Alsace- 
Lorraine (France) where it forms 
a large part of the great " Minette ” 
ore deposit. 



BtSRA 

AN EARLY BLAST FURNACE 

Sussex was at one time the great iron-smell mg district 
of England This picture, from an engraving on an 
old clock-face, shows an early eighteenth-century blast 
furnace in the Weald of Sussex 




THE MODERN BLAST FURNACE 



Thw H.am-am ilhisliates the Blast Furnace of to day. and its working is described in these pages 
?he cl X tow« ifaLut ,oo feet high and np to ay feet in diameter across the bottom. The 
top of the furnace is <imte cool nhde the hearth at the bottom is at white heat As the smelting 
Dweedrthe molten iron collects in the hearth. Ihe impuiities which h-cve combined with the 
procecus i„ncstone to form a molten mass, known a-s slag, are easily removed 
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A CLOSER VIEW OP THE HEARTH 

In this diagram a closer view of the hearth of a blast furnace 
IS given. 


Finally, there is the carbonate ore, 
stderiU, named after the Greek word 
for iron. In its pure state it contains 
48 parts of iron per 100. Large 
deposits of siderite of varying purity 
are worked in the English Midlands, the 
field stretching from North Lincoln- 
shire, down through Northamptonshire 
and west to North Oxfordshire. It is 
also mined m the Cleveland Hills of 
North Yorkshire. It is now our most 
important Bntish source of iron, and 
while the ores found here are not very 
rich they often contain lime which 
makes them more easily smelted. 

Another common iron mineral is 
pyrite or pyrites, a compound of iron 
and sulphur. This, however, is not 
used as a source of iron since the 
sulphur makes it almost worthless for 
this purpose. Large quantities are 
mined, though, to extract the sulphur 
for the manufacture of sulphuric acid. 
It occurs as an impurity in some coals, 
where you may detect it as a brassy 
crystalline deposit on the surface. 

The Discovery of Iron Smelting 

How exactly men came to discover 
that iron ore could be smelted and 
would yield a metal we do not know. 


Possibly, the discovery 
came when lumps of excep- 
tionally rich ore were for 
some reason placed on a fire 
and the wood, burning down 
and forming charcoal, 
smelted them at least par- 
tially. Other people believe 
that iron ore may have found 
its way into an old pottery 
kiln, for we know that the 
art of " firing ’ ’ earthenware 
is extremely old. At all 
events, there is definite 
evidence to show that iron 
was smelted as long ago as 
1400 B.c. and possibly even 
before then. 

The early iron smelters 
obtained iron by heating 
lumps of easily smelted rich 
ore in a charcoal fire either in the open 
or in a small brick or stone shaft, 
using the force of the wind to raise the 
temperature of the fire. By doing this 
the charcoal (which is carbon) com- 
bines with the oxygen of the ore to 
form carbon monoxide gas leaving the 
iron behind, which melts and trickles 
out at the bottom. The use of carbon 
in this fashion to reduce (as the chemist 
calls it) the ore, is the essential basis of 
iron smelting to this day. 

Later on the bellows were invented 
which made the ironmaster independent 
of the weather and also enabled him to 
concentrate the wind or blast in a tube 
and put it exactly where he needed it. 
To this day it is possible to find some 
primitive native tribes in Uganda who 
still smelt iron in a tiny little shaft, 
using hand bellows to raise the wind. 

Iron produced in this fashiou is not 
like the iron the modem blast mmace 
makes because being smelted at a 
comparatively low temperature it did 
not take up much carbon frlm the 
charcoal and thus could be^ forged 
with the hand hammer and ‘welded 
together almost as soon as it hiid been 
produced. In this fashion the iron 
which was forged into the wonderful 
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The Wellman Ouen r nkinurint, LprJ n hi 

AN INGOT CHARGING MACHINE AT WORK 


rh< ingots of steel ha\e been s1rix>p<^il that is umovtd fron the moiiMs ^ ' 

are sufticiently solid Ihey aic now jneked up by th< ingot charging inathino and placed in i 
furnace called a soaking pit, thf pinposc of so iking b< mg to bring iht whok ingot to an even 
Umperature all the wa> through At tl is biighl rc<l htat the ing( t i*- reidy to jirc ( ( fd on its way 
to th( first stagf of Ik t rolling m the ( oggun^ mill 


w p K VI p 4<; 



KEEPING THE FURNACE FILLED 




The furnace shaft is kept filled with solid material up to the top and once a furnace is blown4n it 
goes on making iron night and day for a ^riod of years. Here we see the skip-track ” running 
up to the top of the furnace. A skip loaded with iron ore and coke is on its way up. 




PhOot: B.J.S.F. 

fnmacM are chanted mechanically and there is very little hand labour att^hed to them. 

As^luTtS^re howe^ra^tch is kept on what happens The blwt furnace " keeper .s seen 
As Uluatrateu hete. nowe ^ c 
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steel sword-blades made at Toledo and 
•Damascus must have been produced, 
and the remarkable pillar of almost 
pure iron at Delhi in India. To-day, 
we have lost these arts, but we produce 
our iron on a gigantic scale in com- 
parison. 

Modern Blast Furnaces 

As the years passed so the furnaces 
and bellows used grew larger and iron 
containing carbon and, therefore, not 
immediately forgeable, was produced. 
By the fourteenth century iron made 
from the blast furnace was used for 
the most part for making cannons and 
similar items and was cast into moulds 
directly it was tapped from the furnace. 
Charcoal was stUl used as a fuel and 
from this time to the end of the seven- 
teenth century the Weald of Sussex 


was the great iron-smeliing and cannon- 
founding district of England. Siderite 
or clay ironstone was quarried locally 
and the forest systematically felled to 
make the charcoal. 

In 1709 Abraham Darby of Coal- 
brookdale, Shropshire, first succeeded 
in smelting iron, using not charcoal, 
but coke, and fiom this point the 
development of our modem blast fur- 
naces really begins. Coke is stronger 
and more jxirous than charcoal and the 
height of the furnaces, which formerly 
was only about 35 feet at the maximum 
could now be raised according to the 
strength of the bellows. With the 
coming of the steam engine these, of 
course, also became larger and more 
powerful. 

The modem blast furnace is a 
circular tower about 100 feet high and 

up to 27 feet in 
diameter across 
the bottom. 
The shape of the 
interior you see 
illustrated on 
page 43.-' Ail 
IS blown in 
through a senes 
of nozzles 
known as tuy- 
eres set around 
the hearth and 
the ore, coke 
and limestone 
enter at the 
top through an 
arrangement of 
two hanging 
cones or bells 
fitting into steel 
rings wMch are 
gas tight. One 
bell opeis while 
the other is shut 
which -ensures 
that as Wtches 
of solid Material 
are put into the 
furnace no gas 
leaks out, and 
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TAPPING BRITAIN’S LARGEST BLAST FURNACE 

Pig iron derives ils name from the way it always used to be* cast intt) 
shallow troughs arranged about a central ‘runner/’ rather like baby i)igs 
against the mother sow. Various other methods are also used nowadci>s 
Here we see the 25-foot blast furnace at Margam being tappeo 


^f>ort and General 


RUNNING INIO THt MOULDS 

We have seen the moUtn pig non being run from the lurnace and in this photograph the molten 
metal IS being run into shallow moulds oi troughs in a gently sloping bed of sand. Here it is 
alloN^ed to cool and become the solid pig iron. 


all the funiace gas is led away by the 
big offtakes or pipes from the top. 

The t< 5 p of the furnace is quite cool, 
the hearth is at a white heat and little 
discs of blue glass are set into the 
tuyeres to enable the man in charge to 
keep an eye on the interior. As the 
smelting proceeds so the molten iron 
collects in the hearth, and floating on 
top is the slag, that is, impurities which 
have combined with the limestone to 
form a molten mass which is easily 
removed. Iron and slag are run out at 
intervals through the slag-notch and 
taphole provided. 

The furnace shaft is kept filled with 
solid material up to the top and mce a 
furnace is “ blown-in ” it goes on 
making iron night and day for a period 
of years, only stopping when the lining, 
which is made of heat-resisting sub- 
stance called firebrick, is worn out and 
has to be renewed. Modem furnaces 
are charged mechanically, there being 
very little hand labour attached to 
them. 


Modern blast furnaces are nearly all 
provided with hot blast, after the 
invention of James Neilson, a gas 
engineer of Glasgow in 1828. The 
method of providing this is illustrated on 
page 4 Some of the issuing furnace gas 
after cleaning is burned in a Cowper 
stove and heats up a column of fire- 
bricks to a bright red. After .some 
hours the incoming cold air blast is 
diverted through this stove to pick 
this heat up while the furnace gas is 
burned in another stove, which was 
formerly heating the blast. Every blast 
furnace must have at least three stoves 
attached to it, two working to heat the 
blast and one standing spare, since the 
brickwork in a stove has to be repaired 
and cleaned every so often. The use of 
hot blast saves a great deal of coke. 

The remainder of the furnace gas is 
used to raise steam to work the blowing 
engine or generate electricity and other 
jobs. 

The smelting of iron ore in the 
blast furnace is the first stage in the 
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production of all our items of iron and 
steel, and the material which issues 
from the blast furnace taphole Is called 
iron. 

Blast furnaces in Great Britain now 
produce about 9I million tons of pig 
iron every year. About 7J million tons 
of this are used to make sied, the re- 
maining 2 million tons make cast iron 
and a very much smaller quantity of 
wrot^kt iron. 

What Happens to Pig Iron 

We saw from the " family tree ” on 
page 41 that pig iron is an inter- 
m^iate product, and from it cast iron, 
wrought iron and steel are manu- 
factured. Pig iron derives its name 
from the way it always used to be cast 
into shallow troughs in a gently 
sloping bed of sand, these moulds being 
arranged about a central " runner '' 
rather like baby pigs against the 
mother sow. 

In a number of ironworks this is still 
regiuarly done and the resulting iron 
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when cooled and solid is pulled out of 
the sand beds with chains attached to 
an overhead crane, the “ pigs ” being 
broken away from the " sow ” by a 
blow from a sledge hammer. Since pig 
iron contains about 8 parts of impurity 
in every xoo it is brittle and breaks 
easily. This material is then known as 
“ sand cast pig.” 

Many furnaces now, however, cast 
their iron into a casting machine which 
is essentially a long endless chain on 
which are support^ a series of small 
iron moulds called " pallets.” These 
move slowly along and the stream of 
metal fills each one as it passes. 
Further on they are sprayed with 
water, and by the time they reach the 
other end of the chain the iron is solid 
and may be tipped '^straight out into a 
waiting railway w^on. All the labour 
of preparing the sand beds, filling them, 
and then breaking up the solid iron is 
avoided. The “ pigs ” of iron (as they 
are stiU called) are also much cleaner. 

In some cases, where the pig iron from 




RUNNING INTO THE CASTING MACHINE 


BtSF. 


Instead of running the molten metal into the shallow moulds as c«en on the previous page, many 
furnaces now run the molten pig iron into a casting machine Further up the line the pallets 
are being sprayed with water, and tlie clouds of steam can be seen in the background. 
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the blast furnace is to 
be used for mctking 
steel, and the steel- 
works is reasonably 
near at hand, the iron 
is never cast at all, but 
is poured into large 
holing vessels lined 
with fire - brick and 
mounted on railway 
wheels called hot 
metal ladles/' The 
hot metal/' as it is 
then called, is hauled 
to the steelmaking 
furnaces while still 
molten and all the heat 
contained in it is thus 
saved. We shall see 
more of this when we 
look at steel being 
made. 



FILLING A LADLE 

Here IS molten pig iron pouring into a hot metal ladle When 
full the ladle will be hauled along the i ail way to the steel woiks 
and the iron charged to open hearths or converters. 


Making Things of Cast Iron 

It is possible to cast pig iron straight 
into a mould as soon as it leaves the 
blast furnace, like the old Sussex 
cannon founders, in which case it 
becomes cast iron at once. This is 
still done occasionally, but it is not 
common, firstly because it is not often 
convenient to have to make up intricate 
sand moulds near a blast furnace 
and secondly because the iron from a 
blast furnace is not always of a 
suitable composition to make good 
castings. 

Pig iron destined to become cast iron 
is usually re-melted in a kind of minia- 
ture blast furnace called a cupola. 
This is simply a shaft lined with fire- 
brick with a number of rectangular 
tuyeres let in near the bottom, a *ft 
cold blast being provided by a fan 
blower. Coke and solid pig iron are fed 
in about three-quarters of the way up 
and molten iron tapped out at the 
bottom. As a rule no effort is made to 
reclaim the heat in the gases, which 
burn off at the top. About 4 cwts. of 
coke are required to melt a ton of iron. 
By adjusting the kinds of pig iron and 


scrap charged, the chemical composi- 
tion of the resulting molten iron can 
be controlled within certain limits. 
The nature " of cast iron is chiefly 
determined by the quantities of 
silicon and phosphorus it contains. 
Iron from the cupola is cast at 
about X 200° C. temperature, a bright 
yellow-1 heat. 

Moulding and Founding 

Making cast iron objects in sand 
moulds is called iron founding and the 
place where it is done an iron foundry. 
Iron foundries are to be found all over 
the country, ranging from small ones 
where castings only a few pounds in 
weight are made, to much larger ones 
where the castings may weigh as much 
as 20-30 tons and sometimes even over 
100 tons. 

First comes the operation of pattern 
making, a highly skilled job, where a 
replica of the object to be cast is made 
up in wood and varnished to protect it 
from the effects of damp. To allow for 
the iron shrinking afe it cools, the 
pattern must always be made a little 
larger than the final casting. 


W f K VOL. VI, 
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Wdhmn Smith Owen Eng Corp, Ltd 
A LADLE CRANE IN ACTION 

We have been the molUn iron being pouied into a hot metal ladle 
Ihe iron has now travelled to the steelworks and is poured into a big 
holding vessel called a " mixer.” From here it will be taken out as 

requii ed 


dry. Shortly before 
the metal is due to 
be poured the two 
halves are put to- 
gether again and 
holes are cut in the 
cope to allow the 
molten metal to flow 
in. After the metal 
has been poured m, 
the mould is left 
standing for a cer- 
tain length of time 
to allow the iron to 
sohdify sufficiently. 
Then the mould is 
“shaken out*' by 
hammering the sides 
of the box or by 
placing the whole 
thing on a vibrating 
grating. The sand 
breaks up and the 
crude red-hot 
casting ib levealed. 

After cooling the 
casting must be 
cleaned up or 
“ fettled “ to 1 emove 
any sand sticking to 
it and cut off any 
unwanted bits such 
as the “gates'^ 
where the non 
flowed in. If it is a 
complicated casting 
it is sometimes 


The pattern is then placed inside a 
stout iron frame called a moulding box 
and special heat-resisting sand, very 
slightly moistened, is shovelled and 
rammed around the lower half of the 
pattern until it forms a solid mass. 
This makes the “ drag “ half of the 
mould. A sprinkling of fine dry parting 
sand is put over the surface of the 
moulding sand, then another moulding 
box is put on and more moulding sand 
rammed in to make up the “ cope " 
half. The two sections of the mould 
are then parted, the pattern is with- 
drawn, and the two halves allowed to 


placed in a furnace at a dull red heat to 
lelievc any tensions which may have 
been caused during uneven cooling 
down. 

There are, of course, many variations 
on what has been described above. 
For instance, the cope and (j-ag may 
be moulded separately on ^ separate 
patterns. Where a casting is to be 
hollow inside a specially moulded 
piece of .sand called a “ core must be 
inserted into the mould. For certain 
forms of long cylindrical castings (e.g., 
water mains, sewer pipes and the like), 
the mould is spun around during 
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pouring making a “centn- 
fugal" casting. The entire 
subject of moulding and 
casting needs a whole book 
to desciibe properly. It is 
not, of course, confined to 
iron either , casting objects 
in copper, brass, bronze, zinc 
alloys, light alloys, etc , is 
very widely practised and 
has been so for a long time. 
A single pattern can be used 
to make a great many 
moulds, and casting iron as 
described above is very well 
suited to the making of a 
large number of the same 
item, or mass production as 
it IS called Foundries 
engaged on the mass pio- 
duction of anall parts are 
often fully mechanised, the 
moulding being done by 
machines, the moulds when 
completed being placed on 
roller tables where a light 
push enables them to be 
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CUPOLA FURNACE 

This diagram illustrates the cupola furnace usul in making 
cast iron Ihe pig iron is re melted with a certain quantity of 
scrap By altering the quantity of scrap and using various 
sorts of non the founder can control the quality of the cast 
non within certain limits 




FOR MAKING CAST IRON 


PiK iron which is to be made into cast iron is usually 
called a cupola Here we see the iron being tap^ 

Lx>ndon. 


remelted in a kind of miniature blast furnace 
from a cupola in a small iron foundry near 





MODELS IN WOOD 


The two curious objects seen here are wooden patterns for making 
moulds in which metal will be cast To allow for the shrinking of the 
metal as it cools, and for any machining of the surface, they are 
shghtly longer every way than the finished casting is to be 


run from one end of the shop to 
the other The sand is as far as possible 
handled by conveyor belts. 

This is, of course, impossible with 
large mouldings which are made up on 


the shop floor, while 
very large ones have 
to be made up in a 
pit to enable the 
men to get at them 
properly. 

Common cast iron 
objects are fuse- 
boxes, lamp stan- 
dards, drainpipes, 
house radiators, gut- 
ters, gas-stoves, 
kitchen ranges, etc. 
In a motor car the 
cast iron cylinder 
block is most im- 
portant. Cast iron 
is not particularly 
strong, or tough, but 
it is cheap, and is 
therefore used 
where something 
hard, solid and 
weighty is wanted, 
but where it will not be subjected to 
shocks which might make it crack 
Unlike steel and wrought iron, cracked 
cast iron is not easy to repair “^tis- 
factorily. 



Phoict Foundry Train Journal 
A COMPLICATED MOULD 


This shows the ** drag portion of a large and complicated 
moulding Before the molten metal is poured in the ** cope ** wdl 
be placed over the top 


Cast iron is an 
unspectacular 
" maid of all work,” 
but we should be 
a lot worse off with- 
out it. 

Making Wrought 

Iron 

Wrought iron is 
now something of a 
rarity, smee it has 
so largely been re- 
placed by ^eel, but 
we should n^t ignore 
it entirel3| for a 
certain amount is 
still madelmd will 
continue to be 
made. 

As we hive seen, 
the pig iron which 
comes out of the 
blast furnace is 
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CASTING IN PROGRESS 

The \Ahite hot metal has been brought in the ladle luld between 
side-shafts supported by a crane It is now being poured into the 
mould where it will be left for a certain ^ength of time to allow the 
iron to solidify 


brittle, and cannot 
be shaped under the 
blacksmith's 
hammer because it 
contains up to 8 
parts m lOo of other 
elements or im- 
purities, chiefly 
carbon and sihcon 
which make it un- 
weldable, and phos- 
phorus and sulphur 
which make it 
bnttle. 

In 1784 Henry 
Cort invented a 
process called 
" puddling ” which 
converted pig iron 
into an iron which 
could be forged, 
because, in pud- 
dling, the carbon, 
silicon, phosphorus and sulphur were 
removed, leaving an almost pure iron 
behind. 

A puddhng furnace is illustrated on 
page 54. It IS what is known as a 
reverberatory furnace, because the iron 
IS heated by the 
flames above it, heat 
being reflected 
downwards from the 
roof. During pud- 
dling the iron pigs 
are placed on the 
hearth of the fur- 
nace and the heat 
of the flames is 
enough to bring 
them to a pasty, 
half molten con- 
dition. Men then 
push and poke the 
mass about with 
iron rods and the 
oxygen m the hot air 
inside the furnace 
combines with the 
carbon to form car- 
bon monoxide gas 
and with the other 


impunties to form a pasty slag. 
When the piiddler considers that the 
iron is ready he gathers it up into a 
ball, pulls it out of the furnace and 
places it under a steam hammer By 
the blows of the hammer the slag is 



Photos Foundry Trades Journal 
TO BE SMOOTHED BY MACHINE 


In this photograph the castmg is seen after shaking out It must 
now be cleaned up or “ fettled and then smoothed to the exact 

shape. 
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Brttuh Iron and SUtl Federation 

IN THE WORKS* LABORATORY 


Hrre we see a corner of the chemical laboratory of a big iron and steel works. In here all the samples 
of steel taken <lunng and after melting will be chemically analysed to make sure that they are within 

the specifitation. 


squet'zed out of the mass and the iron 
beaten out into a rod or strip. 

Wrought iron has two very valuable 
properties, it can be welded at a red 
heat under the blacksmith’s hammer 
and it is remarkably resistant to 
rusting. It is soft but tough, and does 
not crack. It is nowadays used for 
making certain kinds of chain, each 
link being welded round the last one 
by the blacksmith ; for bars which the 
blacksmith uses for making into horse- 
shoes' and mending farm implements; 



THE PUDDLING FURNACE 

The process known as “ puddling " was invented by Henry Cort in 
During the puddling the carbon, silicon and phosphorus aie 
removed, leaving behind an almost pure iron. 


1784. 


and finally for ornamental “ filigree ” 
ironwork. 

Between its invention in 1784 and 
the invention in 1856 of a method of 
producing steel on a large scale, 
wrought iron was of tremendous impor- 
tance. The first railways, for instance, 
were all laid with wrought iron rails 
and the first locomotives and steam- 
ships were largely 
built of this material. 

We still speak of 
the " iron road ” 
and the “ iron 
horse” although 
they have both long 
since become steel. 
Steel can be made 
very much stronger 
than wrought iron, 
and it was the 
advent of steil which 
opened the jWay to 
the developdient of 
the railway*s great 
competitors — the 
motor car and the 
motor lorry. 





StMl Company of Wales 

AT BRITAIN’S LARGEST STEELWORKS 

This photograph was taken during the final stages in the erection of the Abbey Works at Margam 
m South Wales On the left are seen Nos i and 2 Blast Furnaces, while in the centre aie the Hot 

Blast Stoves. 


W E now come to look at steel 
and how it is made, and to 
understand this properly we 
must first be quite clear what steel is 
and how it differs from cast iron and 
wrought iron. 

Cast iron, as we saw, is nothing 
much more than re-melted pig iron 
cast into sand moulds. It is not 
refined in any way and therefore all 
the impurities in pig iron find their 
way into cast iron in much the same 
quantities. 

Wrought iron is pig iron which has 
been given a strong " dose " of refining 
in a puddling furnace and almost all 
traces of the four impurities have been 
removed. The iron, however, is never 
made completely molten, only pasty, 
and the refining has to continue until 
the puddler considers that it is all done. 
He cannot exercise any close control 
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over the progress of refining, or stop it 
any tune he wishes. 

StPtl, however, differs from cast iron 
and wrought iron in two important 
aspects. Firstly, it is refined in the 
fully molten condition, and secondly 
we can exercise a very close control of 
the exact quantities of carbon, silicon, 
phosphorus and sulphur it finally con 
tains. The most important of these is 
carbon, which is contained in steel in 
quantities varying from i in 100 to 
I in 1,000 and largely determines its 
hardness and toughness. In the last 
fifty years we have also learned how to 
add ** alloy " elements, manganese, 
chromium, nickel, molybdenum, tung- 
sten and several others to steel and 
so increase its range of properties 
enormously, and we are still learning 
to make more and different steels 
every year. Steel is now quite the 
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MAKING CRUCIBLE STEEL 


Thts diagram shows the principle of the Crucible Process. 
The clay pots are immersed in a coke fire which heats them 
to 1, 600* C. and melts the steel. 


most versatile structural material we 
possess. 

The Crucible Process 

Before the first proper “ steel ” was 
made, the nearest approach to it was 
“ cemented iron.” This was made from 
Swedish iron bar (a pure iron made in 
Sweden from magnetite ore smelted in 
a charcoal furnace) which was packed 
in air-tight boxes full of charcoal and 
then kept at a red heat for a period of 
weeks in a " cementation ” furnace. 
In this way a certain amount of carbon 
could be made to re-enter the iron, 
which increased its hardness. The 
chief trouble with cemented iron, how- 
ever, was the fact that the carbon did 
not always enter the iron evenly, and 
this non-uniformity often made it un- 
reliable stuff to work with. 

In 1740 a clockmaker of Doncaster 
named Benjamin Huntsman had grown 


tired of repeated failures in 
bis clock springs of cemented 
iron and he determined to 
do better. He rightly con- 
sidered that the cause of 
the trouble was the tmeven 
distribution of the carbon 
and he decided that the only 
safe way to ensure an even 
distribution was to get the 
iron fully molten so that the 
carbon it contained could 
" diffuse ” easily throughout 
the whole mass. After many 
unsuccessful attempts Ben- 
jamin Huntsman finally 
achieved this, and founded 
a steelworks in Sheffield 
which still bears his name. 
His process is called the 
“ Crucible ” process and the 
metal produced is “ Crucible 
Steel.” 

Huntsman's process is 
essentially simple and is 
illustrated on this page. It is 
simply a clay pot (the 
crucible) embedded in ancoke 
fire in which the steel is 
melted in much the same way as 
you might melt wax m an earthen- 
ware dish. The point is, though, that 
to get steel fully molten we have got 
to go to a temperature of nearly 
1,600° C., a really white heat, and 
Huntsman’s real problems were first to 
make a clay pot to withstand this and 
then to design a fire which would heat 
the pot evenly from top to bottom. 
(It should be noted that cast iron is 
fully molten at only 1,200° C. because 
Jts impurities lower its melting point. 
When these are removed the melting 
point is much higher.) t 

The great centre of cutlery [manu- 
facture — Sheffield — was built uji on the 
crucible process of steelmaking, i Three 
things all helped in this — depots of a 
clay called “ ganister ' ’ to make the pots, 
deposits of coal for the fires, and water 
power from the River Don to work the 
hammers and forge the knives. 



THE STORY 

Although we now have much less 
crude methods of making steel, the 
crucible process is still very much 
alive, though not, of course, an5rthing 
like as extensively as it was. It is well 
suited for making small quantities of 
high-quality steel, but is not a " ton- 
nage " process. Since the pot and its 
load of molten steel have to be man- 
handled out of the furnace and poured 
by hand, each batch of steel made 
cannot be more than about 8o pounds 
in weight at the maximum. 

Making steel by the ton and more 
came just over a loo years later, in 
1856. 

Invention of the Bessemer Process 

Modern steelmaking may be said to 
have begun in the year 1856, when Sir 
Henry E* oomer showed the world how 
to make steel from pig iron in one 
stage and in large quantities. 

Bessemer was the son of 
a type-founder and was a 
man of proved inventive 
ability even before he took 
out the patent which made 
his name famous. One day 
he noticed that some pieces 
of pig iron which had been 
left inside a special furnace 
of his own design were in 
fact altered to pure, and 
therefore malleable, iron, the 
carbon and silicon seemed to 
have been '' bumed-out '' by 
the furnace blast. This gave 
him the idea that perhaps he 
could do the same thing in 
a more controlled fashion. 

His first test was performed 
on a batch of Swedish pig 
iron which he melted in a 
Huntsman crucible and then 
inserted a tube and blew air 
through it. The idea suc- 
ceeded and to his surprise 
the air did not cool the molten 
pig iron, as one might have 
expected, it actually warmed 
it up due to the heat of 
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the chemical reaction between the 
oxygen and the " bumed-out " carbon 
and silicon. Bessemer immediately 
realised the importance of this, namely, 
that provided he could blow fast 
enough he ought to be able to make 
malleable iron from molten pig iron 
without using any other fuel. Accord- 
ingly he arranged for a much larger 
vessel to be filled with molten Swedish 
pig iron and blew air through a scrio'^ 
of holes in the bottom. Sure enough, 
when the flame of the burning carbon 
had died down the impurities had been 
removed and the metal was hot enough 
to be run out into moulds. The new 
process was born. 

Ho^>^ever Bessemer's troubles were 
not altogether over. For one thing the 
new process would not remove sulphur 
and phosphorus from the metal, and a 
large-scale experiment in South Wales 
proved a costly failure before this was 



BJ,S.F, 


A BESSEMER CONVERTER 


Here we see the principle on which the •Bessemer converter 
works. The blast enters the wind box through a hollow 
trunnion, so the blast may be turned on with the converter 
in any position. 
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POURING IN THE METAL 

Molten pig iron is here being pouicd into a Bessemer converter The 
converter lies hoiizontally while this is being done and the metal does 
not run down the tuyeres By the Bessemer method steel is made 
from pig lion in om stage 


realised. Only 
Swedish pig iron or 
pig iron made from 
Cumberland iron 
ore could be used. 
Then again the 
nozzles or “tuyeres" 
of the converter 
vessel did not last 
long and little com- 
mercial progiess 
was made until a 
Swede named 
Goransson advised 
raising the blast 
pressure and 
making narrower 
tuyeres. The worst 
trouble was, how- 
ever, that “blown'' 
metal which had 
had the carbon 
taken out of it in 
this way was full 
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THE CARBON FLAME FROM THE CONVERTER 

In this photograph the Bessemer converter has been swung rapidly to the upright position after 
filling Immediately the action starts and the blower ’ judges how far it has gone from the 
appearance of the converter flame, that is from the bummg carbon monoxide issuing from the 

converter mouth as seen here 
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THE OPEN HEARTH FURNACE 


This drawing shows the general principles of the Open Health 
fuinace One of its advantages over the Bessemer (onverter 
IS that it (cin molt and rehne s(iap It is also a slo\\ei process 
and can therefore be moic precisely controlled 


of oxygen, and when it 
cooled down in the 
mould large volumes of 
gas were evolved. The 
metal, in fact, behaved 
very like ginger beer on 
a hot day, it climbed 
out of the mould just 
like ''gassy'* liquid 
climbing out of the 
bottle, leaving only 
about half of itself 
behind. 

This problem was 
solved by David 
Mushet. He showed 
that if manganese was 
added to the iron, after 
bl owing it would 
neutralise the effect of 
the j) and the 

metal could then be cast 
quite comfortably. 

Manganese is added to 
Bessemer metal in the 
form of ferro-manganese and s])iege- 
leisen, both of which also contain carbon 
so that the final carbon content of the 
metal can be accurately adjusted at the 
same time, and thus the pure malleable 
iron becomes what we can properly call 
steel. 

The Modern Bessemer Process 

Early in his experiments Bessemer 
realised the advantage of conducting 
the " blow " in a vessel mounted upon 
pivots called " trunnions," so that it 
could be filled or emptied without 
having to keep the blast on to prevent 
the steel running down the tuyeres. 
He designed a pear-shaped converter, 
and the shape of this vessel has not 
greatly altered to this day. Modem 
converters usually hold about 25 tons 
of molten pig iron and complete the 
conversion of this to steel in about 
fifteen minutes. The hot metal wliich 
has come from the blast furnace in a 
hot metal ladle is poured in while the 
converter is lying horizontal and then 
the blast is turned on and the converter 


swung rapidly to the upright position. 
Immediately the action starts and the 
" blower " judges how far it has gone 
from the appearance of the converter 
flame, that is from the burning carbon 
monoxide issuing from the converter 
mouth. 

In the early stages the flame is 
weak but accompanied by a large 
number of bright sparks. This shows 
that the silicon is being oxidised. 
After about five minutes these die 
away and the flame brightens up and 
becomtb longer. The carbon is now 
coming out, and this continues for 
about ten minutes. Small drops of 
white hot-slag fly out making a bril- 
liant display. Towards the end of 
the reaction the flame shortens and 
the blower, watching it carefully, 
turns down the wind and brings the 
converter down to the horizontal 
position. First the slag is poured off 
and then the ferro-manganese and 
spiegeleisen are shovelled in. After a 
few moments to allow this to be 
absorbed the big steel ladle is brought 
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underneath and the contents are poured 
into it. 

The entire operation of turning 25 
tons of iron into steel will have taken 
less than twenty minutes and the 
temperature of the metal will have 
been raised during conversion from 
about 1,300" C. to 1,600" C. The inside 
of the converter will be white hot, and 
in order to lose none of this valuable 
heat the converter is immediately re- 
filled and another blow starts. The 
converter will work day and night like 
this until it has to stop to have a fresh 
bottom fitted, after about fifty blows, 
or to be entirely re-lined, after about 
200 blows. Thus Bessemer steelworks 
have some three to five converters 
installed, so that when any one of 
them has to be re-bottomed or re- 
lined the others can maintain pro- 
duction. 

Getting Rid of Phosphorus 

Vessemer's original process used a 


converter lined with silica, technically 
known as an acid lining, and he could 
not remove stilphtu- and phosphorus 
from pig iron. This rather serious 
drawback was overcome in 1875 by 
Sydney Gilchrist Thomas who was a 
Magistrates’ Clerk by profession and 
who studied chemistry as a hobby. 
He suggested using a basic lining of a 
material called dolomite and then 
adding lime to make a basic slag. 
Unlike the silica lining the dolomite 
living could withstand the chemical 
action of the basic slag. With his 
cousin Gilchrist, who operated a steel- 
works at Blaenavon in South Wales 
this process was perfected and the 
Basic Bessemer or Thomas process is 
now extremely important, particularly 
in France, Belgium and Germany 
where the iron ores nearly all contain 
a considerable amount of phosphoius. 
Not only does the process remove this 
phosphorus but the basic slag which 
carries the phosphorus away is a 
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IN FRONT OF A TILTING OPEN HEARTH FURNACE 


This picture of men at work in a large steelworks shows the front of a big tilting Open Hearth 
furnace wluch is being " fettled ” after tapping. The regenerators which heat the air and gas are 
underneath the platform on which the men are working. 
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valuable fertiliser 
and a source of 
considerable profit 
to the steel-maker. 

In Great Britain, 
however, there are 
now only three 
large converter 
steelworks which 
between them pro- 
duce about i 
million tons of steel 
every year. Con- 
verters have been 
replaced by Open 
Hearth Furnaces. 

The Open Hearth 
Furnace 

The invention of 
the Open Hearth 
Furnace followed in 
1864 very quickly 
after the Bessemer 
converter, for open 
hearth steel-making 
has two advantages 
over the converter. 
The first is that it 
can melt and refine 
scrap which the 
converter cannot, 
and the second is 
that being a slower 
process the analysis 
and temperature of 



UNDERHUNG JIB CRANE WITH LIFTING MAGNETS 

Cranes witli clectio-magnets are used to lift the scrap out of railway 
wagons and then put it into the boxes used for chaigiiig the Open 
Health furnaces. The operator on the travelling platform controls the 

crane. 


the steel being 

made can be much more precisely 

controlled. 

By i860 the quantity of scrap be- 
coming available was considerable. The 
Industrial Revolution and the coming 
of the Railway called for more md 
more ironwork and machinery, but no 
machine lasted for ever and in time had 
to be replaced by a new and more 
efficient one — and since there was no 
ready way of making use of the old 
iron, the scrap piles grew and scrap 
was very cheap. In addition the very 
act of making and using steel creates 
scrap. Just as when a tailor has com- 


pleted cutting out a suit he is left with 
all sons of odds and ends of cloth, so 
during casting, rolling, forging and 
building things of steel, odds and ends 
are left behind which all go to swell 
the volume of scrap. 

Two men invented the open hearth 
furnace though they worked inde- 
pendently, Sir William Siemens in 
Britain and Martin in France, and the 
invention is generally known as the 
Siemens-Martin open-hearth furnace. 
Of the 15 million tons* of steel produced 
every year in Great Britain, over 13 
million tons are now made in the Open 
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THE CHARGING MACHINE AT WORK 


Dish 


In v> jdern steel works all the work of charging the Open Hearth fuinatc with pig non and s( rap is 
done mechanicallv Here we sec the charging machinr as it swings louiul to fact the open health 
The door is raised and the box of scrap is pushed in and eiriplifd 


Hearth. Some 7 million tons of scrap 
are melted. 

The essential features of the open 
hearth furnace may be best under- 
stood by going back and looking at the 
old puddling process. Like the pud- 
dling furnace the open hearth is a 
reverberatory furnace, the chaige is 
heated from the flames above it, the 
heat being reflected downwards by the 
roof. The temperature m the open 
hearth, however, has got to be some 
400® C. to 500® C. higher than that 
used in puddling, since the steel is 
actually melted, not merely reduced 
to a pasty state. This is achieved by 
removing the coal Are from the furnace 
altogether and turning it into a gas 
producer, a blast of air and a jet of 
steam being blown up through a bed 
of glowing coal to make producer gas. 
This gas and the air to bum it are 
then conducted to the furnace through 
flues, but before they enter the hearth 


both arc preheated to some 800° C. to 
900° C by being passed through a 
checkers ork of red-hot firebricks very 
similar to the checkerwoi k 111 a Cowper 
Stove which heats the blast furnace 
wind. This hot air and hot gas then 
burn in the open hcaith and make 
a flame hot enough to melt steel 
scrap. 

llie buint gas leaving the open hearth 
is at a temperature of about 1,600® C. 
and it passes at once thiough a dupli- 
cate set of firebrick checkerwoi k, which 
it heats to about 900® C. Every 
fifteen to twenty minutes the furnace 
is leversed, t.e., the air and ga^ change 
direction, just as the two .Cowper 
Stoves on a blast furnace ^change 
their functions every few hou^. This 
method of gas and air preheating is 
called Regeneration and the sets of 
firebrick checkerwork are kijown as 
Regenerators. 

Many open hearth furnaces are now 
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thVo^n^hLri)r"lh Partl> melted and the hot metal goes into 

the open hearth 1 he charging machine holds a special chute or launder and an overhead 
crane carries the ladle of metal and tilts it 



Photot Bfttish TfOft tS* St^tl FtdtroitOH 

Nothing IS left to chance m the modem steelworks and at every stage tests are mnf| . Here we see 
the temperature of the steel bemg measured by an immersion pyrometer to check the proeress of 
refining During the ' boil " small samples of the steel are taken and sent to the laboratory for 

analysis ^ 
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ANOTHER VIEW OF THE OPEN HEARTH FURNACE 

In this photogiaph the view from the back of the Open Hearth furnace is seen duiing " tapping ' 
On the light-hand side the molten steel can be seen as it pours over into the big stetl ladle held 

ready for it by the ov^head ciane. 


fired with oil squirted into the furnace 
m a fine spray. Only the air need then 
be preheated. 

The hearth of the open hearth 
furnace is a rectangular shallow “ bath’ ’ 
with gently sloping sides, lo feet to 
15 feet across, 30 feet to 50 feet long and 
2 feet to 3 feet in depth. It is lined with 
heat-resisting material similar to that 
used in the converter, silica in the acid 
furnace, and dolomite in the basic 
furnace. The roof is usually made of ’ 
silica. The charge is inserted into the 
hearth through lifting doors in the 
front wall and when fully molten and 
refined to exactly the chemical anal)^is 
desired, the steel is run out at the back, 
either through a taphole set in the 
bottom of the hearth, or, if the furnace 
is a large one the hearth portion is 
mounted on rockers and rollers, and 
can be tilted so that the molten steel 


flows out down a chute or launder. 
This is called tapping.” 

Making Steel in the Open Hearth 

In modem steelworks all the work of 
charging the open hearth furnace with 
pig iron and scrap is done mechanically. 
Scrap and solid pig are put into long 
rectangular boxes made of steel which 
are then picked up one by one by a 
charging machine, pushed into the 
furnace on the end of a long-, rod and 
turned upside down The contents fall 
out and the box is then wfthdrawn 
for a fresh load. Some furnaces melt 
down the charge all from cold In which 
case they use about seven parts of 
scrap to three of pig iron, i^hile the 
larger furnaces, and especially those 
made to tilt, will use molten pig iron, 
sometimes equal parts of hot metal and 
scrap or as much as three-quarters of 
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A MODERN ELECIRIC ARC FURNACE 

Another type of lurnace which j'. used for the Iiigh qiidlily alloy steels, 
such as st«ainlcss, or nickel-beanng, or silicon steels, is the cleetiic aic 
furnace This photograph is of a 4-ton electric aic fuinacc at a Shehicld 

works. 


the entire charge 
may be molten pig. 

The hot metal wiU, 
of course, have been 
hauled from the 
blast furnace in a hot 
metal ladle, and is 
poured into the open 
hearth by the over- 
head crane. 

To make a batch 
of steel in the open 
hearth, anything 
from 40 tons to 300 
tons according to 
the size of the 
furnace, takes some 
ten hours to twelve 
hours. For the first 
five hours or so the 
charge is loaded into 
the hearth and in 
another thioc hours 
It should be fully 
molten. Most of the 
impurities except 
carbon have by then 
combined with lime- 
stone or sand put in 
with the charge to 
form a fluid slag on 
top of the .steel. The 
rest of the time is 
devoted to getting 
the carbon out of 
the steel to exactly 
the desired final con- 
tent. To do this the 
men shovel in some 
pure iron ore, usually hematite or 
magnetite. The oxygen in the ore 
then combines with the carbon in the 
steel and forces it out as care m 
monoxide gas. Since this forms bubbles 
in the metal the steelmaker calls it the 
‘‘ boil." The furnace is burning gas or 
oil the whole time. This method of 
refining steel is the “ upside-down " 
version of making pig iron. In the 
latter we used carbon to take the 
oxygen out of the ore in a rather 
rough and ready fashion, now we use 


the ore to take the carbon from the 
steel, but of course in a very precisely 
controlled operation. 

During the " boil " small samples of 
the steel are taken out and sent to the 
chemical laboratory for analysis, and 
every so often the temperature of the 
steel will be measured with an " immer- 
sion pyrometer." In the old days the 
steelmaker merely relied on his judg- 
ment and the appearance of the steel 
to get the analysis and temperature 
right, now he has the aid of ingenious 
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instruments to make absolutely sure. 
Sometimes in order to speed up the 
refining of the steel, oxygen gas or 
compressed air is blown into the metal 
through steel tubes. This can often 
save quite a lot of time. When the 
carbon has been brought down to its 
final content the excess oxygen which 
has got into the steel is neutralised with 
additions of manganese and silicon, the 
taphole is opened or the hearth is tilted 
and the great mass of white-hot steel, 
with slag on the top pours over into 
the ladle held ready for it. As soon 
as this is done the men inspect the 
inside of the furnace, patch up any 
holes in the lining with fresh silica or 
dolomite and spread a thin layer of 
fresh lining material all over the inside 
of the hearth (" fettling ” as it is 
called), and within an hour the next 
charge is going in. 

As long as the furnace is in a fit 
state the work of making steel goes on 
continuously day and night, the men 
working eight hour stretches or shifts. 
Every four months or so the furnace is 
cooled down and the roof and other 
worn-out brickwork is repaired. 

The Electric Arc Furnace 

Another furnace for making steel 
which is used for the high-quality 
alloy steels such as stainless {i.e., rust- 
proof) steel containing chromium, 
nickel-bearing armour-plate steels and 
silicon steels used for making the 
interiors of dynamos, transformers and 
electric motors, is the electric arc 
furnace. 

When two pieces of graphite (a 
form of carbon) are connected to a 
powerful source of electric current and 
momentarily touched together and 
drawn apart a kind of " bridge ” is 
formed between them. This is called 
an arc and is intensely hot, the tem- 
perature reaching over 3,000® C. It is 
also very bright indeed and is sometimes 
used as a source of light. Arcs may 
also be struck between graphite and 
steel and between two pieces of steel. 


lAL KNOWLEDGE 

Sir WiUiam Siemens was the first to 
show that the electric arc could be 
used to melt steel. 

The modem electric arc furnace is 
circular in shape with a hearth and a 
roof not dissimilar to the ojien hearth. 
The three graphite electrodes protmde 
down into the hearth through holes in 
the roof. The furnace is charged with 
steel scrap and then the electrodes are 
lowered until they touch the scrap and 
the arcs are struck. The heat melts 
the scrap which is then refined in very 
much the same way as steel in the 
open hearth, oxygen often being used. 

Electric arc furnaces vary in size 
from about 3 tons to 30 tons capacity. 
They are mounted on rockers and ate 
tapped by tilting. The refining in the 
electric furnace can be even more 
closely controlled than in the open 
hearth, and the absence of the flames 
means that alloying elements such as 
chromium, silicon, molybdenum, etc , 
may be added to the steel without the 
loss which occurs in the open heartli. 

The High Frequency Induction Furnace 
• Another application of electricity to 
steclmaking is the modern veision ot 
the crucible process— the high fie- 
quency induction furnace. This is the 
most recently invented steel-making 
furnace, being first put into com- 
mercial operation m 1922. 

We have seen how steel can be made 
by melting it in a pot immersed in a 
hot coke fire, the heat passing through 
the walls of the pot from the fire to 
the steel. If, however, the pot is 
placed inside a copper coil which 
carries a high frequency alternating 
current, that is a current floN^ng back- 
wards and forwards betweer^ 500 and 
2,000 times every second, hen heat 
sufficient to melt the stedi will be 
generated actually in the m|tal itself. 
(The current for electric light “ altern- 
ates " at fifty times a second.) The 
pot need now act only as a container 
and will not wear out anything like so 
quickly. The outside of the pot and 



FOR HIGH QUALITY ALLOY STEELS 



^ hdgar Alien & Co lid 

Sir William Siemens was tlie fust to sho^^ that the electric arc could be used to melt steel. Thes<' 
electric arc furnaces vary in size from about 3 to 30-tons capacity, and the refinmg m this type of 
furnace can be even more closely controlled than in the open hearth In this photograph oxygen 
IS being blown into the steel in the electric arc furnace to remove the carbon. Great heat is developed 

in this process. 
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Another appliLation of electricity to steel making is the high 
frequency induction furnace which is the modern veision of 
the eiiicible process As seen here, the pot is placed inside a 
eopptr coil which car lies the high-fiequeney alteinating 
current 


the copper coil may be 
cooled with water to give 
even longer life. 

When this process was 
first publicly demonstrated 
in Great Britain the outside 
of the furnace used had a 
wooden casing. You can 
imagine the spectators 
amazement when they saw 
white-hot steel emerging 
from an unscathed wooden 
box f 

This is the process which 
has very largely replaced 
the old-style crucible 
furnace for the manufacture 
of very high quality steels 
for the best cutlery and 
tools for instance Since 
the entire pot and coil may 
be mounted together and 
mechanically tilted, all the 


Phot^ BlSh, 

TAPPING A HIGH-FREQUENCY ELECTRIC INDUCFION FURNACE 

This photograph shows a high-frtqiiencv electric induction fu nade being tapped The old-style 
crucible furnace has been largely replaced by this modern turnace for the manufacture of very high- 
quality steels such as those required for the best cutlery and tools, for instance All the old man- 
handling has been done away with and the entire process is much cleaner and less arduous than the 

older method. 
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old man-handling has been 
done away with and batches 
of several hundred-weights 
or even tons of steel may 
be made. The entire pro- 
cess is much cleaner and 
less arduous. 

It is the high frequency 
induction furnace which 
makes it possible to manu- 
facture the remarkable alloy 
st(‘cls used in the gas tur- 
bine, the “ jet '' engine which 
drives aircraft at 600 miles 
an hour. These steels work 
at a red-heat and carry 
eiioriiious loads without 
distorting even by a fraction 
(^f an inch ! 

Arc Furnaces and High 
F'reqaency Furnaces toge- 
ther j^roduec about boo, 000 
tons of steel eve'iy year in 
Britain. 



TESTING THE TOUGHNISS 

'!<> (K"lt inline the toughness of steel lui I/oci testing inathine 
IS useii 'I he big weight swings clown cind snaps the tc st ])iecc 
in h«iU , Ironi the clistam e the weight continues to swing, 
the eiicigy absorbed by tlic test-piece in breaking can he 
calc ulated. 
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ALL MADE OF STEEL 


We still speak of the " iron road ” and the “ iron hoiso when speaking ol oilr railways and loco- 
motives although they have both been made of steel (or long years past. Steel can be made very 
much stronger than iron and the rails seen in this photograph are made of cast manganese steel 
which withstands tremendous wear. The scene is the railway crossing at Newcastle Station. 
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AT WORK IN THF ROLLING MILL 


Slot* billets are rolled into two general varieties of hnished products Sections dnd liounds 
“Sections” aie such things as beams, joists and railway lines Here we have a fimsluHl lail 
emerging from the last “ pass ' in a section mill In front of the rolls aie the guides to run the 

steel between the grooves 


W E have now seen how steel is 
made, and we may now 
examine how this white-hot 
mass of molten metal is turned into 
something useful. 

Steel, as we have said, is our most 
versatile structural material, we can 


do a great many things with it. To 
understand this we may conveniently 
draw up another " family tree.’* 



RaiIs 

Rods 

Plate 

Gum 

Joists 

Bars 

Sheet 

Boiler Drums 

Beams 

Wire 

Strip 

Crankshafu 

Etc. 

Etc 

Etc. 

Tubes 

(‘Sections') 

(‘Rounds’) 

(•Plats’) 

Etc. 


Caitinfs 

Wheel Centres 
Chain Cables 
Gears 
etc. 


When it leaves the furnace the 
molten steel pours into a big steel 
bucket lined with firebricks and called 
a ladle. This ladle is fitted with a fire- 


brick nozzle about i inch in diameter 
in fhe bottom which is plugged inside 
the ladle by means of a long steel rod 
surrounded with firebrick reaching up 
to the top. By means of a levei 
arrangement this plug or ** sto})per- 
rod ** can be raided or lowered as 
required to allow the metal to flow out 
when wanted. 

If the steel is to make castings the 
ladle is carried into a position over 
sand moulds which are filled with steel 
in much the same way that moulds 
^ are filled with iron in the iron foundry 
to make iron castings. The d^erence 
is that whereas iron is always^ poured 
out quickly over the spout j of the 
ladle, steel is " teemed," as the pundry- 
man calls it, through the nozzfe in the 
bottom, and since the temperature of 
steel is 300° C. to 400® C. higher than 
that of iron so much greater Care has 
to be taken in the making of the mould 
and in the filling of it to enable it to with- 
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MAKING A STEEL CASTING 


Hadfidd$ Ltd, 


When steel is to be used m making castings the ladle is carried into a 
position over sand moulds in much the same way as iron in the foundry. 
Iron IS always poured out quickly, however, while steel is " teemed ” 
through the nozzle m the bottom of the ladle 


stand this tremen- 
dous heat without 
cracking up or 
wearing away and 
thus spoiling the 
casting. Among the 
most important of 
steel castings are the 
centres of railway 
locomotive wheels, 
spoked wheels which 
have to withstand 
constant shocks and 
strains which would 
very soon smash 
cast iron. Another 
is ships' anchor 
cables, huge links 
being cast around 
each other very 
ingeiiluuJy Unmake 
up the length. In 
heavy engmeering 
lh('re ai(‘ numerous 
exain])les of steel 
castings, particular- 
ly in steels like the 
enormously tough 
and wear resistant 
Manganese Steel 
which cannot be 
dealt with any other 
way. The huge jaws 
of rock crushers or 
the teeth of mech- 
anical diggers are 
typical manganese 
steel castings. 

The blades of the 
gas turbine, which 
are made of very high quality alloy 
steels melted in the high-frequency 
induction furnace, are formed by i » st- 
ing. Since they have to be so accur- 
ately shaped they are produced by a 
technique known as precision casting. 
This uses the centuries-old ** Lost- 
Wax " method of moulding which was 
employed by the famous Italian silver- 
smith Benvenuto Cellini in the creation 
of his masterpieces. 

So it is that the combination of 


modem science and age-old craftsman- 
ship has contributed to Man's conquest 
of space and time. 

Making Steel Ingots 

Casting is one way of treating molten 
steel and makes the finished product in 
one stage. But only 3 tons out of 
every 100 tons of steel is so treated, 
the other 97 tons are- first made into 
ingots and then the solid ingots are 
mechanically worked into final shape 
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by two general methods, rolling and 
forging. Not only can steel be shaped 
in this way, but the act of working 
red-hot or even cold steel improves its 
mechanical strength and toughness to 
a remarkable degree. 

Ingots of steel are made by " teem- 
ing ” the contents of the ladle into 
tall, narrow cast-iron moulds usually 
rectangular in section, sometimes 
octagonal. The size of each ingot 
depends on what it is destined to 
become finally. Steel to be made into 
wire or thin strip may be cast into 
small ingots of only about i ton in 
weight, sheets, plates, sections, rails, 
etc., into ingots of 4 tons to 10 tons, 
while the really big jobs such as high- 
pressure boiler drums or naval guns, 
which are forged, are made from ingots 
of perhaps 100 tons and more. 

Ingots are " stripped,” that is, re- 
moved from the mould, as .soon as 
they are sufficiently solid, which time 
varit s with size. Sometimes they arc 
further treated in a separate works 
altogether, in which case they are 
allowed to go quite cold and are loaded 
on a railway wagon. More often, 
however, they are rolled in the same 
works, and they are immediately put 
into a furnace called a soaking pit. The 
ingots in a soaking pit do not get 
heated up to any great extent, the 
purpose of " soaking ” them is to bring 
the whole ingot to a uniform tempera- 
ture, When taken out of the ingot 
mould the centre of the ingot is still 
molten, the outside surfaces will be 
solid and at a red heat, probably about 
1,100° C. to 1,200° C. temperature. 
^^en the ingot is withdrawn from the 
soaking pit it should be at an even 
temperature of 1,200° C. to 1,300° C. 
all the way through, and at this bright- 
red heat it proceeds on the first stage of 
hot rolling. 

Rolling Mills 

A rolling mill is in effect nothing 
more than a huge steel mangle, and 
if you take a piece of Plasticene and 


put it through your Mother’s mangle 
(when she’s not looking of course I) you 
will get a fairly good idea of what a 
rolling mill does to red-hot steel. Out 
of every 10 tons of steel made, 9I tons 
are rolled. 

The first stage in rolling is called 
” cogging-down ” and is done in a very 
large, stout and robust mill called a 
cogging mill. This reduces the size of 
the ingot to more manageable pro- 
portions, but of course lengthens it 
enormously. The long “ bloom ” ol 
red-hot steel as it is called is passed 
back and forth through the mill until 
it is down to roughly the correct size, 
the rolls of the mill coming closer 
together for each ” pass.” The weight 
of the steel is far too much for man- 
handling of course, so the cogging mill 
is equipped with long " tables ” of 
electrically-driven rollers on either side, 
together with hydiaulic rams and lifteis 
which run the steel hack and foith, 
turn it on its side, straightcm it .all by 
the flick of a switch in the contiol 
cabin. 

The noise is tremendous, and the 
shopk when the rolls “ bite ” into the 
great mass of steel makes the whole 
building tremble. Sprays of water 
play on the rolls constantly to keep 
them cool. Huge electric motors drive 
the mill rolls, first one way and then 
the other. 

Three Kinds of Rolled Steel 

When the ingot has been cogged 
down the “ bloom ” is cut into lengths 
of about 6 feet to 8 feet which are 
called " billets ” or ” slabs ” according 
to their shape. These are generally 
put into another furnace to gc^ rather 
hotter before being rolled any more, 
since the steel may have cooled quite 
considerably during cogging d<Jwn. If 
steel is rolled too cold it is not plastic 
enough and may crack. 

Steel billets arc rolled into two 
general vaneties of finished products — 
" Sections ” and " Rounds,” and slabs 
are rolled into " Flats.” “ Sections ” 
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WHFN IHt INGOIS ARE SIRIPPED ' ' ' 

In^^ots of sttti lire indde by “ ticming ' the contents of the ladle into tall nairou tast iron moulds, 
the size depietiding on its ultimate purpose This picture shows the ingots as tiny are bc'ing 
stripped llie moulds are lifted utf the icd-hot ingots as they rest on the ingot bogies. 


are such things as beams and joists for 
biidges, steel-framed buildings, ships' 
frames, etc., and of course railway 
lines. 

Rounds " arc long steel rods such 
as those used for reinforcing concrete, 
other rounds arc used for making bolts 
and nuts, and the smaller sizes may be 
later “ drawn through dies to become 
very small indeed and made up into 
steel hawsers. Most important of all, 
however, are Flats," especially steel 
plates for locomotives, wagons, ’ups, 
etc., and sheets which are consumed in 
enormous quantities in the manu- 
facture of motor cars and for making 
the tin cans which preserve food. 
" Tinplate " is thin steel sheet with a 
very thin layei of tin laid over the 
surface on either side. 

Rolling mills which roll billets into 
sections and rounds have rolls with 


matching grooves cut into them in such 
a wajr ^hat the steel passes through a 
scries oi cleverly shaped holes, finally 
emerging in the form that is wanted. 
The rolls do not move any closer to- 
gether during the progiess of rolling, 
the steel is guided into succtssively 
smaller giooves to reduce its size and 
bring it to shape. 

In rolling plate and sheet, however, 
smooth rolls must be used. The steel 
is passed hack and forth through the 
rolls of the same mill which are brought 
closer and closer together. To avoid 
constant reversing the " three-high " 
mill with three rolls on top of each 
other may be used, the steel first going 
between the middle and low^r rolls and 
returning between the middle and 
upper ones. Thus the mill runs con- 
stantly in one direction but the steel is 
reduced in thickness at each " pass." 


IN THE MILLS AT MARGAM 



Much of the steel in use to-day is in the form of plate and sheet, and in this picture we have a view 
of the Riant cogging mill at Margam Abbey Works, This rolls the ingots to slabs. After shearing 
and >mming the slabs are re-heated and rolled in the continuous mills which are seen on the 

opposite page. 








Photos; Steel Compan^ of Wales. 


Red-hot ingots are passed to and fro through heavy rollers which roll the ingot into a slab of 
anything up to do inches wide and 8^* inches thick. Here the steel is seen passing through electrically 
operated slab shears, after which a separate edger mill will give the slab its correct width. 
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TOWARDS THE FrNAL STAGES 



Aftor passing Ihiougb a rolioating furnace a slab is carried on rollers to the Hot Strip Mill. First it 
passes through a scale-breaker which removes the scale formed in the reheating furnace. It then 
passes thiough the four stands of the “ roughing " mill. Here the slab is seen entering the first 

roughing stand. 



Phoiof: Steri Company of Walts. 


Here is the last stage in rolling steel strip in the 8 o-inch Continuous Strip Mill. This, shows the 
Finishing Stands and run-out table. When it emerges from the last Finishing Stand the strip, 
travelling at a speed of up to 2,000 feet per minute, is earned down to one of the coilers. 
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The Continuous Mill 

For the manufacture of the enormous 
quantities of steel sheet now demanded 
by the motor industry the continuous 
mill is used. Instead of passing the 
steel back and forth through a single 
stand of rolls, as many as five stands 
are placed immediately one behind the 
other and the steel goes straight from 
one to the next. The speed of rolling 
is very fast, the steel when it emerges 
from the last stand of rolls being shot 
out at something like thirty miles per 
hour. To see a long flat *' snake of 
red-hot steel tearing up the shop at this 
speed, to be caught and coiled up 
safely in a mechanical coiler is a wonder- 
ful experience ! 

Not only is this method of rolling 
steel extremely fast but it makes the 
sheet tough and strong. In practically 
one single cold pressing operation in the 
motor-car factory the sheet is con- 
verted horn a flat piece of steel into a 
mote car body. Only steel which has 
been made to a very closoly-controllcd 
analysis and rolled in this fashion can 
stand treatment like this without 
cracking or winkling. 

Small rounds and sections may also 
be rolled in continuous mills, in this 
case with grooved rolls. The steel 
emerging from the last set of rolls 
cannot be coiled, but is cut to lengths 
by an extremely ingenious machine 
called a “ flying shear,'’ which actually 
chops the steel while it is moving. 
Heavier sections such as rails are cut to 
length by a hot saw, a circular saw 
which bites through the red-hot steel 
in a matter of a few seconds. 

In modern rolling mills of course all 
the handling of the steel to and from 
the mill is done mechanically on the 
long roller tables. Brute strength is 
not necessary, but a high degree of 
skill and speed in adjusting the mill 
setting and working the control levers 
most definitely is required. 

Forging Red-hot Steel 

If the steel is to be worked up into a 


shape impossible to make with rolls, 
and if it is needed in a much stronger 
condition than is possible when it is 
cast, then the ingot, or the billet in 
the case of a smaller item, is forged. 

Forging is what the blacksmith does 
to red-hot wrought iron on his anvil, 
for steel we now use the hydraulic 
press and the steam hammer. In the 
first case we give the steel a mighty 
squeeze, in the latter we give it a series 
of hard blows. Another method of 
forging which is used for making large 
tubes is extrusion, where the plastic 
steel is made to flow through a hole 
with the centre portion blocked out 
and so take up the shape of a tube in a 
single pressing operation. Of course 
enormous pressures and very strong 
apparatus is needed for this. A 2,000- 
ton forging press is illustrated on page 
78. The ingot rests on the anvil " 
down below and the lam on 
“tools" of vaiious sha[)(*s and si/es 
may be bolted, slid(‘^ up and down tlie 
four veitical pillais, being laised and 
lowered by tiemendous hydraulic yies- 
sure. As forging proceeds the ingot is 
turned a little bit further round at each 
squeeze and slowly takes up the shape 
required. In the case of a large 
forging of this kind it will have to be 
re-heated a number of times during 
forging. Special furnaces with re- 
movable front doors are used for this 
purpose, since the front of the furnac(' 
has to be torn down and re-bricked iij> 
every time such a large ingot is taken 
in and out. 

The steam hammer is used for 
smaller items, and the manipulation of 
the billet is usually done by hantj. The 
hammer is also used for drop forging, 
where both the hammer and th^ anvil 
carry a die, that is a shallow mOuld of 
very tough steel, the die being Sn the 
shape of the final forging. Tl|e red- 
hot billet is laid over the die On the 
anvil and repeated blows from the 
hammer cause the steel to flow into 
the dies and take up the final shape 
desired. Motor-car crankshafts are 




VV\ St I n tilt int ni,n Iniw » at work and Ikti* au* (ht mm who lonliol Ihtni IJu^st^ in 

till:, jihotoniaph ii< it tilt contiols of a ‘W ggin^*’mill Ihm o\t‘s nt\tr leavt* the null and tlu y 
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piodticed in very large numbeis by drop 
forging. Hammer foi ging is, of course, a 
noisy business as you can imagine, but is 
a good deal fasttT than press foiging. 

Making Steel Tubes 

Steel tubes may be made in various 
ways according to their size. Medium- 
sized tubes are extruded in one opeia- 
tion in the way already desciibed. 
Large tubes (apart from the very large 
one being forged on page 78) are made 
in what is known as a Pilger Mill by a 
process which is a kind of cross between 
forging and extrusion. A round billet 
which has first been burst," t* it is 
spun around and squeezed to make a 
hole appear along its central axis, is 
pushed into a mill, the rolls of which are 
eccentrically shaped and which revolve 
in the opposite direction to the move- 
ment of the billet. These rolls both 
squeeze and reject the billet which is 
then turned through a right angle and 
pushed into the rolls again. This 


constant squeezing, rejection, turning 
and squeezing again slowly forces the 
steel into the shape of a tube. 

Small-sized tubes are made fiom 
rolled nccl strip in a continuous opera- 
tion. The strip is caught up by a 
machine, cuilcd luund until the two 
edges are almost touching, the edges 
are given a rapid heating and then 
squeezed together to make a joint. 
Provided the steel contains no more 
than a very small amount of carbon 
(t.e,, it is a very " soft " steel) the 
(‘dges will fuse together satisfactorily. 
Automatic devices cut the tube to 
length as it emerges continuously 
from the outgoing end. " Pluto," the 
famous pipe-line which carried petrol 
underneath the sea during Woild War 
II, was made in this way. 

Heat Treatment of Steel 

Steel, and especially alloy steel, is 
capable of varying its properties accord- 
ing to the way in which it is heated and 
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cooled. By a combination of the right 
quantities of carbon and alloying ele- 
ments with the right heat-treatment '' 
we can make a steel suitable for almost 
every conceivable job. 

Ordinary carbon '* steels, such as 
are used for making rails and joists and 
similar sections are normalised.'* This 
is simply allowing them to cool in 
fairly still air after they leave the 
rolling mill. This imparts a certain 
degree of hardness and a certain degree 
of toughness, and before the rails are 
allowed out of the works a sample will 
be sawn off and tested for hardness and 
toughness. Only it the properties arc 
sufficiently good will the rails be 

passed '* for service. Like men join- 
ing the army they have to be pro- 
nounced ** fit *' for the arduous job 
they do. 

Steel may be made extremely hard 
by quenching,” that is, plunging it 
red-hot into water or oil and cooling 
it vciy rapidly, but such treatment is 


liable to make it brittle and it may crack 
easily. The necessary toughness may 
be recovered by “ tempering,” that is, 
letting the quenched steel soak for a 
period in a gentle heat of about 
400° C. to 500° C. The armour-plate 
in tanks and battle-ships, which has to 
be hard enough and tough enough to 
withstand shot and shell, is given an 
elaborate quenching and tempering 
treatment. It, too, is very carefully 
examined and tested before it can be 
used. 

Another thing wc can do with steel is 
to ” case-harden ” it, that is, make it 
very hard on the outside but maintain a 
degree of softness and toughness inside. 
This is done by partially ” cementing ” 
it. A fairly low carbon steel, usually 
containing some nickel and chromium 
is immersed in charcoal or in a chemical 
called potassium cyanide and is heated 
for a certain length of time. This 
causes some of the carbon in the char- 
coal or cyanide to diffuse into the steel 
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A 2,ooo.TON forging PRESS IN ACTION 

When the steel is required ui a much stronger condition than is pos&ible when it is cast, then the 
ingot IS forged. In this photograph a high-pressure boiler drum is bemg forged on a 2,ooo*ton 

hydraulic press. 
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UNULR IHE STEAM HAMMER 


r 


Il» ic w( set ci foigiiig l>*ing made undei the steam hammer The Ixjy opeiatcs the hammer 

while tiie man woiks the stiel into shape. Fm these smaller foigingb the manipulation of the 

billet is usually done by hand. 


forming a high carbon layer on the 
outside surface. Before this becomes 
too deep the steel is taken out of the 
furnace and is normalised and tem- 
pered. The high carbon outer layer, 
which is extremely sensitive to heat 
treatment, becomes very hard, while the 
inside remains tough. The kind of 
treatment is given to the t(‘eth of large 
cog wheels, the rubbing surfaces are 
made very hard and resistant to wear, 
the body of the tooth remains tough and 
able to carry the load without cracking. 

Cutting and Joining Steel 

Fin^y, we may take a look a^ the 
ways in which steel, after we have 
rolled it into sections or plates or bars, 
can be utilised to construct machinery, 
bridges, ships, cars, locomotives and all 
the rest. 

The first thing necessai5^ is to cut the 
pieces of steel to the right length and 
shape, and for this we now possess a 
most valuable and useful tool in the 


oxy-acetylene cutting torch which can 
cut through steels over a foot thick. 
The rutting torch works with a mix- 
ture oi ’WO ga.ses, oxygen and acetylene. 
The ai ‘Tylene is burned in a flcuv of 
oxygen and this makes an extiemely 
hot dame which is played on the steel 
and rapidly brings a small aiea to a 
red-heat. Then another and finer jet 
of oxygen is turned on which actually 
shoots through the middle of the oxy- 
acetylene flame and strikes the red-hot 
steel. At this temperature the oxygen 
very rapidly turns the steel to molten 
iron oxide which is actually blown out 
of the steel by the force of the jet. The 
operator then moves the torch slowly 
along and the jet of oxygen cuts a 
narrow slit in the steel. If the torch 
is mechanically guided a very smooth 
cut can be made. A flood of sparks 
pours out of the steel, and the operator 
must wear dark goggles to enable him 
to see what he is doing and protect his 
eyes from sparks. 
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DROP FORGING IN PROGRESS 

In ' f»p forging botli the hammer and the anvil cany a die, a shallow mould ol very lough steel, 
the <lie being in tlie ^hapt* of the final forging. Tlie red-hot steel billet is laid over the die on the 
anvil and ie|>eatod blows from the hammer force the steel into the final shape desireil 


Having cut our steel to size it must 
be joined together in the way we want 
it. This can be done by drilling holes 
in the steel and either joining the pieces 
with rivets or nuts and bolts. A rivet 
is a little j}iecc of steel .shaped like a 
mushroom. The “ stalk of a red-hot 
rivet is pushed through the matched- 
up holes in two steel plates, and pro- 
trudes a shoit distance. One man then 
“ holds-on the head while on the 
other side a man hammers the stalk 
and flattens it out to hold the rivet in 
place. As it cools and contracts the 
rivet makes a very tight fixture. The 
big steel girders supporting railway 
bridges are commonly made up of a 
number of steel plates riveted to- 
gether, and the steel plates of ships' 
hulls are commonly riveted to the 
frames and to each other. 

Alternatively, nuts and bolts may be 
used, but these are, of course, very 
much more expensive and are used 
only where the joint must be undone 


again, such as in joining railway lines 
together with “ fishplates." When the 
track is worn out the joints must be 
released or the rails cannot be pulled 
up easily. 

Electric Arc Welding 

Over the last twenty years or so 
another method of easily and rapidly 
joining steel together has been de- 
veloped and perfected, the process 
known as electric arc welding. 

We saw when we considered the 
electric arc furnace how an electric 
arc may be struck between twp pieces 
of steel and may actually me|t them. 
Another practical use is mad^ of this 
in arc welding. Two pieces of^steel to 
be joined are brought close together 
and held firmly. Sometimes t|e edges 
are bevelled " to form a groove. The 
welder then takes a rod of steel about 
^ inch in diameter, and often coated 
with a special material, and attaches 
it to one terminal of a powerful direct 
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MAKING STEEL TUBES 


In makin^^ tubes the imthod of foiging which is used is known 

Ihi cxtiusion process The plastic steel is made to flo\^ through a 
hole, with th< ctntie portion bloiked out, and so take up the shape of 
a tubi. in a single pressing operation Enormous pressures and veiy 
strong appaiatus are required 


current dynamo. 

The pieces of steel 
to be joined are 
connected to the 
other terminal. 

The welding rod is 
then momentarily 
touched against the 
steel and withdrawn 
and an arc is formed. 

This melts the steel 
of the welding rod, 
and to a lesser ex- 
tent, the steels being 
joined together. 

Drops of molten 
steel from the rod 
fall into the space 
between the two 
piece«j of steel, fuse 
with molten steel 
from either side and 
then as the rod 
and aic are moved 
slow^ly along they 
solidify to form a 
solid and uniform 
joint. Welding in 
this manner is now 
very widely used 
for joining steel 
plates, castings and 
sections, both large 
and small sizes. 

It is quick, cheap 
and convenient, 
since no drilling and 
matching of holes 
is required. You 
must never look 
directly at the arc, 
though, as it is very 
bad for your eyes. The weldei Wa ^lics 
his work through a piece of dark glass 
set in the middle of a special piece of 
stout sheeting which protects both his 
eyes and his face from the dangerous 
ultra-violet rays. 

Our Most Dependable Metal 

When Benjamin Huntsman made up 
his mind to try his hand at steel- 


making he did so because he wanted to 
make clock springs which were reliable. 
He was tired of heaiing his customers 
comi^laining that the springs of his 
clocks didn't last properly and de- 
manding that new ones be fitted. Right 
from the very stai t, therefore, steel was 
designed to be something on which the 
user could depend. 

To-day steel in all its numerous 
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A SOUTH 



Phao$ : sua Compan^^^of Walu. 

The whole site of this new works, built on waste land near the sea where special grass was planted 
to bind the sand together, covers an area three times the size of Hyde Park, and is some four and a 
half miles long. Some idea of the land on which it is built is shown in this picture of the Cooling 
Tower and the Melting Shop ramp at Margam. 
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ALL MADE OF STEEL 



Wdlman Smith Owen Engineering Corp. iJd. 


In this picture we see some finished examples of the products of the steel works. The main struc- 
ture shows the girders forming the spring arch of the famous SydneylBndge in Australia. On top 
of these girders is a giant creeper crane, so called because it is able to creep along the top of the 
girders as the work of construction on the bridge goes on. 
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forms may rightly claim to be not only those ingots will be stopped from going 
our most versatile material but also to the customer. 


our most dependable. Everything in 
the manufacture of steel is kept under 
control, particularly the chemical 
analysis which plays such a large part 
in determining the properties of the 
final metal. If you ever have the good 
fortune to visit a modem steelworks 
you will see on almost every side instru- 
ments and devices used to control the 
process, and one of the most important 
places in the whole works is the chemical 
laboratory where the samples of the 
steel are analysed. 

Samples will be taken from the 
molten metal during refining and the 
chemists will check the amount of 
carbon, silicon, manganese, sulphur 
and phosphorus they contain, and if 
“ alloy ” steels are being made then 
chromium, nickel, molybdenum and 
vanadium will be “ assayed ” as well 
More samples will be taken when the 
steel has been rolled and treated, and 
if any analysis shows that a " cast ” 
of steel is of the wrong chemical com- 
{wsition then all the steel made from 


Next door to the chemical laboratory 
you will probably find the “ test- 
house.” Here the samples of the steel 
are examined for their mechanical 
properties. The ” tensile strength ” of 
steel is determined by finding out how 
much force is needed to pull apart a 
sample of steel of a square inch in 
section. Hardness is measured by 
forcing a ball bearing or a diamond- 
shaped piece of very hard steel into the 
polished surface and measuring the in- 
dentation. Toughness is determined 
by breaking a sample by means of .1 
heavy swinging weight and measuring 
how much the swing of the weight has 
been reduced. Only a simple calcula- 
tion is needed to work out how much 
energy is consumed in breaking the 
steel sample. 

In the same building the works 
metallurgists will be busy examining the 
inside of the samples of the steel through 
microscopes. What is called the " micro- 
structure ” of the steel is very import- 
ant in determming its properties and 



An electric welder is seen here at work. The arc is 
“ struck " at the end of the welding rod, and the 
worker watrlies it through a piece of dark glass, set m 
the shield. This protects his eyes and face from the 


making certain that the heat- 
treatment has been done properly. 

All this care ensures that the 
steel will never let the customer 
down. Next time you see an 
express train thundering past — 
look down at the rails and 
especially at the rail joints. 
Watch how the rails bend under 
the weight and see how the 
wheels " hammer ” the rail ends. 
If you count the number of 
wheels in each train and then find 
out how many trains pass that 
particular spot every dtiy you 
can find out just how many 
hammerings that steel rai has to 
put up with every twenty-four 
hours. It is the dependability of 
steel which ensures that |his rail 
and all its fellow rails tprough- 
out tne length and breadtih of the 
railway system, carry the load 


licirmful ultra-violet rays. 


and go on canying it. 



WEIGHING BARS OP SOLID GOLD Transx-«al Cl«,mbe, \U„„ 

I irESS: 

W. Ig Kr Ai.i.io'tini it.-K a bar contains 4^ fine ounces troy and tlie value of one bar uorild be 

roughly about t5,^oo 


THAT PRECIOUS 

F ew words stir men’s minds so 
deeply as "gold." Gold stands 
for wealth, power, royalty, excel- 
lence, value. Since the earliest days of 
history gold has been regarded as very 
precious, the metal fit for km;, 5 and 
priests to wear. Gold is the first metal 
mentioned in the Bible (Genesis ii. 11). 
The Tabernacle of the Israelites was 
richly decorated with gold ; so, too, was 
the Temple of Solomon. In his Book 
of Revelation-., St. John visions the 
Heavenly Jerusalem as constructed of 
pure gold : nothing baser seemed 
worthy. 

Ancient legends are full of references 
to gold. You have read, for example. 


METAL— GOLD 

the story of Jason and the Golden 
Fleece; and that of Midas, King of 
Phrygia, who was granted the magic 
power of turning everything he touched 
into gold. We still speak of an ex- 
tremely wealthy person as a Midas. 

Almost Indestructible 

Gold is a very beautiful metal. It is 
also practically indestructible, being 
affected by but very few other sub- 
stances. The oxygen of the air does 
not harm it, so that it never tarnishes, 
and a thin layer of it gives a sure and 
beautiful protection against corrosion. 

Gilding has been practised from the 
earliest times, being made possible by 
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the ease with which gold, the most 
malleable of all metals, can be beaten 
out into thin, unbroken sheets. The 
gold-beater flattens an oxmce of it into 
100 square feet of “ leaf ” ; and an 
oimce has a very small bulk, since gold 
weighs nineteen and one-third times as 
much as water and is over two-and-a- 
half times as heavy as iron. It has 
been stated that it is possible to make 
gold leaf so thin that i ounce of it 
would cover lo acres of ground I 
Its beauty, permanence, ease of work- 
ing and rarity have combined to render 
gold so greatly desired a metal that 
many dreadful deeds have been done to 


would change baser metals into gold. 
The last qu^ity — ^rarity — ^has perhaps 
had most influence. If gold were dis- 
covered in quantities equal, say, to 
those of copper, its present value would 
disappear. It has been estimated that 
all the gold produced since the dis- 
covery of America in 1492 would not 
amount to 25,000 tons. 

During the four centuries elapsed 
since then the population of the world 
has increased very greatly; and, in 
spite of the fact that the gold output 
also has increased, there seems no hke- 
hhood of the metal ever catching up 
with the demand for it, or of its value 


acquire it, and the alchemists laboured 
to find the Philosopher’s Stone which 
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specially drawn fee iku work. 
GOLD MINING IN THE KLONDYKE 
The men who won gold in the Klondyke had to work under condi- 
tions which only those possessed of the finest physique could stand. 
The ground had to be thawed before digging could begin The 
above illustration shows miners at the windlass bringing up the earth 
excavated from the shaft 


going down. The steadiness of its price 
has made gold the most reliable stan- 
dard of value by 
which to set the 
prices of all other 
commodities. In 
the form of coins, 
gold is a very 
convenient medium 
of exchange. Dur- 
ing the forty-seven 
years following 
1870 the Royal 
Mmt in London 
converted into coins 
gold worth over 
£400,000,000. In 
1914 the value of 
aU gold currency m 
circulation through- 
out the world was 
put at about 
£1,660,000,000, 

To be suitable for 
the hard wear that 
it gets as< coins, 
jewellery, Jwatch- 
cases, and I other 
commercial 1 rticles, 
gold is alloy )d with 

work under condi- Carat gold. A 
^sique could stand. sovereign IS 01 22- 
could begin The carat gold ; that is, 
mging up e ear Contains twenty- 
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two parts gold out of twenty-four, the 
other two parts being another metal — 
copper Jewellery is usually of 18-, 
15- or 12-carat gold A great deal 
of gold is used in the arts Much is 
locked up as ingots (bullion) in banks, 
and may be passed in this condition to 
and fro between countries for many 
years in payment of debts Of the 
lemaindcr, the bulk is being used or 
hoarded away as coin 

Washing for Gold 

Gold has often been found as loose 
grains, flakes, 01 lumps, called nuggets, 
m the sand and gravel which form, or 
once did form, the beds of streams and 
rivers Gold occurring thus is called 
alluvial gold It is usually separated 


from other substances by means of 
water. 

Washing,*' in its simplest form, 
consists in placing some of the gold- 
bearing sand or gravel in a shallow 
iron pan with water and tilting the 
pan slightly while giving it a circular 
motion. The lighter portions of matter 
are flicked ovei the hp with the water, 
while the heavier gold pai tides and 
pebbles settle Ihe pebbles aie picked 
out by hand and the washing is ton- 
tinued till only a little sand remains 
with the gold The lesidue is carefully 
dried, and the earthy dust c,m then be 
blown away 

Where large quantities of material 
have to b( treated, a sluice is used I his 
is a long sloping wooden trough, with 



Transvaal Chamber of Mwes 

AT WORK IN A SOUTH AFRICAN MINE 


Most of the gold of the world is now obtained by deep mining fnm quartz rock, the superficial 
deposits having gradually been worked out Primitive man obtained quite considerable 
quantities of gold from deposits near the surface, but to-day gold-winning involves deep mines 
and machinery, as seen in this picture of men despatching the gold bearing quartz for crushing 
in the Modder Deep Levels of the South African Rand 







WITH THE GOLD SEEKERS 



Topical Press 


Here IS diiothei scene of men at v^ork in \ ijold mine but this photograph \^aij t ikcn m Australia 
The men are working some 700 feet underground at the Red White and Blue ( loUl Mine at Ben- 
digo, Victoria They are using a pneumatic drill for the rtmova .1 of gold bearing quartz the 
white reef of which is visible in the background It has been stated that miners who follow a 
big quartz rtef succtssfullv tan earn wages of a week and over 
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crossbars, named riffles, nailed to the 
bottom. A stream of water flowing 
through it carries away the rubbish. 
At intervals a " clean-up ” takes place. 
The gold, whether " free ” or amal- 
gamated with quicksilver poured into 
the trough before operations began, 
to absorb it, is scraped from behind 
the riffles and washed in a pan. If 
quicksilver has been used, the amal- 
gam is heated in an iron retort until 
the quicksilver passes off as gas into 
a condenser, where it turns again into 
liquid. Only the pure gold is left 
behind in the retort, in a very open or 
spongy condition. It is melted down 
into solid bars for sale. 

The ease with which alluvial gold can 
be recovered, and the possibility of 
striking rich “ pockets,” or deposits, 
and nuggets of it, has caused a rush of 
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miners and all kinds of other people 
to any district in which it has been 
discovered. 

Mad Rushes for Gold 

Stories of the great gold-rushes during 
the latter half of the last century seem 
almost incredible in these dajra when 
gold-mining has become a great industry, 
'fhere are still alluvial deposits of gold 
but big finds are unlikely. Long before 
history was written man regarded gold 
as the most precious of metals and the 
search for it has never ceased. 

To-day the recovery of gold from the 
earth is a job for expert metallurgists 
and miniifg engineers. The lone pro- 
spector has disappeared and the well- 
organised mining company has taken 
his place. 

The first of the great historical “ gold- 











So$ak Africa^ ]iaitway$. 


TAKING SAMPLES FOR TESTING 

There has alwayii been a certain amount of chance about the discovery of gold and in striking a 
rich vein of quartz, but in these days as little as possible is left to chance. In the picture above 
an expert is taking samples of the reef so that it can be properly tested for gold content. If the 
yield is poor then the reef is abandoned and another reef showing better prospects of a profitable 

yield is sought. 
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SLUICING FOR GOLD 

This photograph, taken m Victoria, Australia, shows another method of winning gold, A 
deposit of gravel is being broken up and washed away by a large jet of water, and made to pass 
tliruugh a succession of sluices in which the gold that it contains is trapped 


rushes ” followed the finding of gold in 
a channel being cut for a water-mill on 
a tributary of the Sacramento, in Cali- 
fornia. The discovery was made in 
January, 1848. The news of it spread 
like wild-fire all over the continent of 
North America. People poured into 
San Francisco in thousands. Some 
came by ship round Cape Horn ; 
others came overland across the 
mountains, suffering great hardships. 

The tracks taken across America by 
the immigrants were strewn with the 
bones of oxen and horses, and the 
wrecks of waggons. 

The “ rush ” lasted about five 
years and the lucky ones made rich 
strikes, washing out thousands of 
pounds’ worth of gold in a few weeks. 
Most of the miners, however, barely 
made a living, or soon quitted the 
country in disgust. A considerable 


amount of gold was won, however, 
before the shallow deposits had been 
worked out. 

Among the Californian gold-seekers 
were many Australians C^e of these 
thought that some of the districts of 
his home-country were very much like 
those in which Californian gold deposits 
occurred. He returned to Australia in 
1850 to see if he could find gold there, 
and discovered it in 1851 near Bathurst, 
New South Wales, about 100 miles 
from Sydney. A terrific stampede took 
place. Sydney was left almost deserted. 
The same year gold was found at 
Ballarat, in Victoria, and a similar fate 
overtook Melbourne. 

Fortunes were made by lucky folk 
very quickly, for the Australian gold 
was coarse, and a single stroke of a pick 
might reveal a nugget worth a large 
sum. One day in 1851 a black shepherd 
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walked into Bathurst with a lump of 
gold that fetched £4,000. The dis- 
covery of other great nuggets from 
time to time helped to sustain the gold 
fever. In 1858 a nugget, suitably 
named the “ Welcome," was dug up. 
It weighed 138 pounds, and was valued 
at well over £8,000 at that time, but 
the price of gold has risen considerably 
since then. An even larger one, 
" The Welcome Stranger,” scaling 141 
pounds, appeared some years later. 

In the “ Gold Boom ” 

In two years the diggers unearthed 
over £20,000,000 worth of gold. The 
output then fell off, but by 1895 gold to 
the value of over £300,000,000 had 
been pioduced in Victoria, New South 



Wales and Queensland, where gold 
was found in i860. 

Australia experienced another " gold 
boom ” in 1882, when gold was dis- 
covered m the northern extremity of 
Western Australia ; and yet another in 
1892, when large deixisits were found 
round Coolgardie, about 350 miles east 
of Perth, the capital. 

Then, in 1897, came the rush to tin* 
Eldorado of the North, the wonderful 
Tom Tiddler’s Ground m the part of 
North-West Canada and Alaska through 
which the great River Yukon flows 
Australians who joined in it exchanged 
the great heat of then own countiy foi 
the arctic winteis of the fiozen Noith 

Ihe story of this rush is much the 
same as that of earhei rushes great 



South Afnca^ Railways 

A GENERAL VIEW OF CROWN MINES, JOHANNESBURG 


Even at the beginning of this century, and for long ages before, the winning of gold had been 
largely a matter of individual effort. Stories of good fortune and grim despair have been told of 
the great gold rushes To-day, gold-mining is a big, well-organised industry and some idea of the 
extent of the works erected is given by this picture of a well-known South African mint 



STAGES IN WINNING THE GOLD 



When tho gold bcinng quartz lias been mined, it is broken up into fine powder by heavy stimps 
which are in olfect powerful grinding machines I h© powder is tu ate<i with mcieury and passed 
on to the cyanide tanks Our picture shows a stamp battery at a Johannesburg gold mine 



South African Railways 


Here wc see the cyanide tanks at the gold-mine Most of the powdered ore is brought to these 
tanks which contain potassium cyanide Zinc is also added during the process and the deposit 
which forms at the bottom of the tank is now nearer the stage when it will be pure gold 
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i>uuth African Railuayi 

ANOTHER PROCESS IN GOLD-WINNING ^ 


Not all the powdered quartz from the stamp battery is conveyed to the cyanide tanks as some 
of the dust containing particles of gold is collected a'hd discharged on to corduroy blankets, as 
seen in the picture above Over these a gentle stream of water trickles evenly The heavy 
particles of gold remain in the corrugations while the light sand is washed away 


hardship, some enormous fortunes and 
many disappointments. Easily-reached 
alluvial deposits are soon exhausted. 
After the cheaply-won gold has been 
got, operations may be taken up by 
mining companies using dredgers to 
wash at a profit large quantities of 
gravel containing only a small amount 
of gold. Other companies wash down 
nver banks with powerful jets of water 
into large sluices. 

In many districts the mining of 
alluvial gold has been followed by the 
mining of ore containing gold. 

About Reef Mining 

Various kinds of rock sometimes con- 
tain gold, distributed through them as 
piure particles or combined with other 
elements. Most of the world’s gold now 
comes from reefs of ore, sandwiched 


in between valueless rock. The working 
of reefs requires the sinking of shafts 
and the use of expensive machinery for 
winning and treating the ore, and is 
beyond the means of the “ small ” man. 

The most famous gold-bearing reefs 
of the world are those of the Witwaters- 
rand, in the Transvaal, South Africa. 
The Witwatersrand is a low range of 
hills running east and west. In it one 
edge of what may be great bqsin-like 
strata of gold-bearing ore come| to the 
surface. The ore consists of) quartz 
pebbles cemented together by silica 
and iron oxide. The ]^r nai^e for it 
is ” banket,” a word meaning Almond- 
rock, which it resembles in appearance. 
Very small particles of gold tire dis- 
tributed evenly through the cement 

Two valuable features of the gold- 
field of the Witwatersrand — or Rand, 



THAT PRECIOU 

as it is called for short — are the re- 
liableness of the reefs, as regards both 
their position and their gold contents. 
One can be practically certain of strik- 
ing the reef at the calculated depth, 
and of getting a profitable amount of 
gold out of it. 

The reefs slope upwards steeply. In 
opening a mine, shafts are sunk to 
and through a reef, and then carried 
through the stratum underneath it, 
parallel to the reef. At different 
levels, about 150 feet apMt, short 
tunnels, called cross-cuts, are driven 
into the reef, and horizontal drives or 
galleries made from these along the 
reef, in the ore. The galleries are con- 
nected by holes, named winzes, excav- 
ated up and down in the vein. So that 
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eventually the ore is divided by galleries 
and winzes into " stopes ” or blocks. 

Now begins the stoping, which is the 
removal of these blocks of ore. The 
most usual method is to work down- 
wards from one gallery to another, the 
ore being bleisted away in great steps 
and shot down the winzes into trucks 
in the gallery below, which carry it off 
to the shaft. When a stope has been 
cleared, it is filled in with rubbish, a 
great deal of which is removed with 
the ore 

Extracting Gold from Ore 

In what is called " oveihand ” stop- 
ing the miners work upwards, attacking 
the roof from a sloping bank of rubbish 
which they build up as they rise. 



POURING our LIQUID GOLD 


SoWA Afncan Railways 


Poets and writers have sometimes likened a beautiful colour in their songs and stones to liquid 
gold, but the workman in this picture is more concerned with the task in hand than anything 
imaginary. For the molten stream he is pouring is, in truth, worth a small fortune 1 he photo- 
graph was taken at a gold-mine on the South African Rand. 
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The ore is broken up, after being 
carefully picked by hand, into a fine 
powder by stamps. The stamps are, in 
effect, great iron pestles and mortars. 
The pestles weigh about a ton each and 
are raised and dropped ninety times a 
minute by machinery. 

Gathered by Mercury 

After grinding, the pnlp is passed over 
copper plates coated with mercury. 
The mercury absorbs a good deal of 
the gold. The material that has been 
over the plates is concentrated '' to 
remove as much useless stuff as possible, 
and then placed in great vats contain- 
ing a solution of potassium cyanide. 
The potassium combines with the gold. 
When the solution has been run off, 
zinc is added. The potassium now 
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dissolves the zinc and leaves the gold 
deposit itself at the bottom of the 
vat. 

Mining began on the Rand in 1887. 
Since that year the mines have yielded 
gold to the value of over £1,657,660,554. 
They still produce about half of the 
world's gold yearly supply. If to their 
output be added that of other gold mines 
in the British Empire, it will be found 
that two- thirds of all gold now mined 
comes from lands under the British flag. 

Down to the year when the War of 
1914--18 began, people in this country 
used sovereigns and half-sovereigns 
made of gold, usually carried on the 
person in special purses or receptacles. 
Now, instead of gold coins, we depend on 
Bank of England notes and find them 
perfectly satisfactory. 



Gold-mining in some of its aspects is not unlike coal-mining. Two important features of the great 
mines on the South Afiican I^nd (the short name for Witwatersrand) are the reliability of both 
the position of the gold-bearing reefs and their actual gold content. Our picture shows miners 
engaged in drilling in one of the gold-bearing stopes at Modder Deep Levels some 8,000 feet below 

ground. 




BEATING OUT GOLD LEAF 



Photos by ctUfinv oj George \f M httey Ltd 

ONE OF THE OLDtSF OF THE ANCIENT ARfS 


Heio we have a gom'ial scene in the woikshop of the gold beaters of to-day, where a craft which 
has b(5en exercised by skilled workers for forty centuries is still earned on Though modern 
machinery has come to his aid, the gold-lx'ater of to-day requires the same high skill as his forc- 
runiieis, and Knglish gold kaf now stands at the head of the woild’s maikets. 


F rom the days of the ancient 
Egyptians gold leaf has been in 
demand because of its durability 
and brilliance. In the tombs at 
Thebes wooden coffins wcie found pro- 
fusely ornamented with gold, while 
samples of beaten leaf, ready for appli- 
cation, were found in the tomb of 
Tutankhamen. 

So for forty centuries this ciaft, one 
of the world’s oldest industries, has con- 
tinued. In Britain the gold-beater’s 
craft has long maintained its high edi- 
tions, and from all over the world come 
demands for their products. Among the 
public buildings in England with 
exterior adornment of pure fine gold (i.e., 
without addition of any alloy) may be 
mentioned the Houses of Parliament, the 
National Gallery, Buckingham Palace 
and the Victoria Memorial, Windsor 
Castle, Tower Bridge, while the crown- 


ing gl >ry of St. Paul’s is the gold cross 
” that shines over city and river.” 

Among articles of everyday use 
ornamented with the gold-beater’s aid 
are shoes and hats, with the maker’s 
name inside; pencils, typewriter covers, 
spectacle cases, combs and clocks, 
cricket balls, tennis rackets, bicycles, 
motor-cars and railway coaches, while 
bookbinders, artists, makers of picture 
frames and furniture, as well as dental 
surgeons and others, all use the product 
of the gold-beater’s craft. 

Stages of Production 

In a modem gold-beating factory, 
such as the one of George M. Whiley 
Ltd., at Ruislip, the processes of gold 
beating are similar to those of the past, 
but modern machineSs have also been 
introduced. The production of gold 
leaf at Ruislip is now mostly by means 
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FROM BARS 



M ■ 


The fine gold (24 carats) !■» molted 60 ounces at 
a time mixed with small quantities of coppci 
o> silver as an alloy according to the colour 
required in the fimshed leaf 



Each bar is then passed manv times between 
highly polished steel rollers, and, with steadily 
mounting pressure, a ribbon eventually emtTges 
330 feet long and i/iooolh inch thick 


TO RIBBONS 



Vltcr l)Cing meltid )n i plumbago trucibh tlu 
gold IS (dst into bais nuasuiing ii iiulits lung, 
il inches wide, and J inch thick f'ni. of tlusi 
bars IS seen here 





From this long ribbon squares of inches arc 
cut , these are then filled or interleaved into 
a ** cutch " consisting of specially -prepared 
4-mcb square pieces of paper 
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WITH CARE AND SKILI. 



(jokl lu it(rs skin n(inirc <. iicful fli mint; and 
j)ressin)» liter 1 in us( d md in tins | Ik It 
th« skins ire tx Iv lublKd with in \i tu 

Init s foot dipi 1 in < d(in<d ^^vpsinn 



Some 1 too geld Ik iters skins inches (juair, 
hum I mould 'ind the dtlu itc quditfrs ot gild 
ai( lifteel most caiefullv with hot long ht <Ki 
pineijs and filkd into tlu inenid 



In the mould the gold lca\cs receive thi third 
and most vital boating The skill of the gold 
beater ls concentrated foi 3J hours on trans- 
ferring the thickness of the leaf outw irds 



The ka\es sro taken fixim the mould with 
pincers eul with d wdggem of shari>enrd 
slips of cane to inches squire and thin pl'iieel 
in books ot twenty five leaves eaeh 
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of machines capable of making a leaf 
to that of the highest standards. 

The raw material, that is " fine " 
gold, or gold of 24 carats, is melted 60 
ounces at a time, mixed with small 
quantities of copper or silver as an alloy, 
according to the colour required in the 
finished leaf. This is melted in a plum- 
bago crucible from which bars measur- 
ing II inches by i^ inches are cast. 

Each bar is then passed many times 
between highly polished steel rollers, 
and, with occasional annealing and 
softening, and with mounting pressure, 
a ribbon emerges ij inches in width, 
1 thick, and approximately 

330 feet long. 

Two hundred and twenty pieces of 
i^-inch square cut from the ribbon are 
fiUed or interleaved into a " cutch ” ; 
this cutch consists of 4-inch square 
pieces of French paper, manufactured 
by the French firm of Montgolfier, who 
made the first practical balloon. These 
.quares are bound together with two 
bands of parchment. In this cutch the 
gold receives its first beating for about 
thirty minutes, during which the ori- 
ginal i^-inch pieces are extended to 
4 inches square. The cutch being taken 
out of its bands, each of the 4-inch 
pieces of gold is separated from the 
interleaving sheets of papers and laid 
out on a cushion of calf skin, then cut 
with a steel “ skewing ” knife into 
quarters. 

Between Gold-beaters’ Skins 

These quarters are now “ filled ” into 
4-inch square skins, made of specialty 
prepared ox intestine, called gold- 
beater's skins, an operation done by 
women and demanding absolute accu- 
racy. The 880 pieces now comprise a 
" shoder ” and this is beaten for i^^ 
hours with a 14-lb. cast-iron hammer on 
huge marble blocks, with leather aprons 
attached to catch the “ shatts " or 
particles of gold. 

From the shoder the delicate leaves 
of gold are lifted by means of boxwood 
pincers and quartered with a sharpened 


reed. 1 hese quarters are now filled into 
a mould, consisting of 1,100 very fine 
gold-beaters’ skins 5i-inch square, and 
this time the beating is done with an 
8 lb. hammer. This is the most skilled 
of all the operations as the gold-beater’s 
object is concentrated for three and a 
quarter hours on transferring some of 
the thickness outwards to form a 
thicker edge. At the end a fine re- 
mainder, as it were, has been beaten out 
to an even degree of thickness. When 
this final stage of perfection has been 
reached the leaves are approximately 
4| inches square. 

An Arctic Hare’s Foot 

The next stage again depends on the 
skill of women workers, who take the 
leaf from the skins of the mould with 
their boxwood pincers, and then, with 
a “ waggon " of sharpened slips of 
rattan cane (normally set in a square- 
shaped frame of s^-inch sides) cut off 
the thick edges from the leaf. The 
square leaves of gold arc now standaid 
size, 3j inch square, and are picked up 
and placed in books of twenty-five 
• leaves each, in which tJie final pioduct 
is sold. These tissue paper leaves must 
be acid free and coated with red ochre - 
“ rouge to prevent adhesion of the 
gold. 

The cleaning of the skins after the 
gold has been removed is also a highly 
skilled task, carried out with an Arctic 
hare’s foot dipped in calcined gypsum 
(“ brime ”) Both the powder (from 
Derbyshire) and the hare’s foot are 
essential to the gold-beater. After clean- 
ing, the skins are dried in hot presses. 
At no stage is the metal touched by 
hand. The texture of the ‘gold leaves 
can only be indicated in figures as about 
iso^ioijth of an inch in thic|cness. 

Machines arc taking the filace of the 
gold-beater to some extent, but the 
delicacy and skill of the ol4 craftsmen 
is to-day being merged with the newer 
skills of the engineers and technicians, 
and the .ancient craft, reinforced by 
modern science, goes on unchanging. 



SILVER, THE QUEEN OF METALS 



High Commissioner for Canada 

TAPPING ^ SILVERY STREAM 


The process being watched with so much interest is the making of silver ingots or bullion. The 
shining, liquid metal is flowing white-hot from the crucible into a ladle, from which it will be 
transferred like freshly-made jam to the moulds on the left. 1'he great silver mines of Canada 

were discovered quite by accident. 


O NE day, in the year 1573, three 
long trains of laden mules were 
threading a forest path in the 
Isthmus of Panama. The harness bells 
jangled merrily as the mules plodded 
along, urged by their drivers and 
guarded by a few soldiers. The pre- 
sence of the last showed that the 
burdens were of value. In a short time 
the convoy would be taking a well- 
earned rest behind the protecting walls 
of a little town a few miles ahead of it. 

Suddenly piercing cries arose, min- 
gled with British dieers. Out 01 the 
woods flanking both sides of the path 
rushed Indians and British sailors. 
Bullets and arrows flew thickly, and 
the Spanish soldiers, taken completely 
by surprise, discharged their pieces 
wildly and fled lor the city, leaving the 
mules and their loads in the hands of 
the enemy. 

Francis Drake, the scourge of the 


Spaniards, had scored again. In a few 
moments he and his men had become 
possessed of 30 tons of silver, then 
worth well over £200,000. By the time 
that Spanish reinforcements reached 
the scene of the encounter Drake’s men 
were well on their way to their ships, 
lying off the Atlantic shore, with half 
the spoil, after having hidden the re- 
mainder for future recovery. 

The Conquest of Mexico 

Fifty years before this adventure 
took place Hernando Cortes and his 
gallant band of Spaniards had con- 
quered Mexico. The year 1533 saw the 
conquest of Peru by his fellow-country- 
man, Francisco Pizarro. The Spaniards 
came to the New World in search of El 
Dorado — the fabled . Land of Gold. 
Their conquests did indeed yield them 
great quantities of the precious metal, 
which had been gathered into the hands 
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of the rulers of Mexico and Peru. Mil- 
lions of pounds' worth of it was shipped 
to Spain. 

But what soon afterwards made 
Spain the richest country in Europe 
was the discovery of fabulously-rich 
silver veins in the conquered lands. 
The wretched natives were driven by 
their new masters to toil in the mines 
and honeycomb hillsides in search of 
ore. When the German traveller Hum- 
boldt visited Mexico in 1800 he reckoned 
that the Spaniards and their successors 
had taken ;^i3o,ooo,ooo worth of silver 
from the mines of that country. 

During the last 100 years the total 
has been increased six times or more, 
thanks to improvements in machinery 
and methods. If it were possible to 
gather together all the Mexican silver 
raised since Cortes’ time, it would prob- 
ably suffice to make a solid pillar 10 
feet sqiiaie and liigher than Ben Nevis. 

raves of Aladdin 

Many wonderful stories can be told 
ol Mexican silver-mines. At Arazuma 
huge nuggets of practically pure metal 
were won from the ground. The largest 
of them weighed well over a ton ! 
Chance discoveries of veins have led to 
huge fortunes. 

The splendid cathedral at Chihuahua 
was built with the money realised from 
one-fortieth of the silver output of the 
Santa Eulalia mine, in Sonora. A poor 
priest bought for a mere song " a 
claim that had been abandoned as 
worthless. He soon struck a vein which 
brought him £Goo,ooo. Not far away 
a wandering fiddler found a button of 
molten silver in the ashes of his camp 
fire, and became a millionaire. One 
could extend the list of such happenings 
greatly ; but let it suffice to say that 
Mexico is still the chief silver-producing 
country of the world. 

The United States hold the second 
place. Marvellous finds of rich silver 
ore have been made in Nevada and 
Colorado. In 1859 two men prospect- 
ing for gold on the western slopes of the 


Sierra Nevada found traces of the metal 
in a crumbling black rock. The rock 
was thrown aside as useless. One day 
a passer-by picked up a piece of it and 
sent it to an assayer. It proved to 
contain £600 silver and £175 gold to 
the ton. 

Then followed a great " rush " to the 
Comstock Lode, as the vein was named 
after its discoverer. Fortunate people 
piled up fortunes until, as generally 
happens sooner or later in mining, the 
vein showed signs of exhaustion. Dur- 
ing the severe " slump ” that came pre- 
sently, four miners bought up a number 
of apparently worked-out mines in the 
hope that they might still contain some- 
thing of value. Their search for ore 
had consum(‘d almost all their money 
when they mid with a vein hardly 
thicker than a nbbon This they pur- 
sued like hounds on a hot scent, till at 
Id'^t it widened out into the gicatcst 
body of silver ore ever yet found. For 
three years silvei was taken out of it 
at the rate of ;f6oo,ooo a month ! 

During the present century gieat 
silver-mines have been opened in On- 
' tario, Canada. The veins first came to 
light quite accidentally, while a cutting 
was being made for the Temiskamirig 
and North Ontario Railway. So rich 
did they prove that Canada now stands 
fourth in the list of silver-producing 
countries. On the average, thirteen 
ounces of every pound of silver mined 
to-day comes from the New World. 
About 7,000 tons of silver is smelted 
from ore every year. 

How Silver is Separated 

Silver is very seldom found in a pure 
state. Most of it comes itom ores in 
which it is combined with sulphur or 
chlorine. It also forms part of many 
lead and copper ores. Ttie silver is 
separated from the less Valuable or 
worthless parts of an ore by one of 
several different processes. 

In some cases the ore is ground into 
powder and mixed with mercury, which 
seizes on the silver particles and forms 




socially drawn Jor thu xvork 


Sir Ficincis Drake, romantically known in history as the scourge of the Spaniards, once in a 
forest path in the Isthmus of Panama attacked a convoy and its guard of soldiers and succeeded 
in capturing some 30 tons of silver, valued in this great admiral s day at upwards of ^^200, 000 The 
encounter between Drake’s sea-rovers and the Spaniards is illustrated in this spirited drawmg 
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SOME STAGES IN THE PROCESS OF- 



When the silver ore has been won from the mine it is in the fonn of large rubble, which has to be 
crushed almost into dust The old-time method of crushing is still in use, and consists of 
rolling a massive boulder over the ore till a sandy deposit remains 



Pllotos GP 4 

This dusty, sandy matter must then be put into a pond or *' buddle,** about 5 feet 111 depth, 
where it is thoroughly mixed with the water by means of the rotating wheel in the centre In 
this manner a kind of sticky mud is formed 
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EXTRACTING THE QUEEN OF METALS 



Whon the mud-like ore is taken from the huddle it is placed in a square box, the bottom of 
which is a line screen, like that of a cinder sieve. This box is then submerged in a trough con- 
taining water and the process causes the heavy silver dust to settle at the bottom of the trough 

and it can then be easily collected. 



Phutos : G P. A. 


Having emerged from one complete washing the ore that has passed through the meshes of the 
sieve is removed from the trough and placed this time into running water. In this stage of the 
treatment the heavy metal settles at the bottom of the water and such dirt as remains is washed 
away. The workers at the mine here illustrated are mostly negroes. 
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a paste, called an amalgam. The 
amalgam is heated in iron retorts, and 
the mercury boils and passes off as 
vapour, which is condensed back into 
the liquid state, while the silver remains 
behind. In other cases chemicals are 
used to dissolve the silver, or it is 
extracted by heating in a furnace. 

If gold be the king of metals, silver 
IS the queen of them Silver is rendered 
beautiful by its pure white colour and 


by its great brilliancy when polished 
Though it is now much less valuable 
relatively to gold than it was once, its 
price at the present time being very 
much lower than that of gold in the 
market, it is still sufficiently rare, as 
compared with most other metals, to 
be used m great quantities for coinage, 
ornamental goods, dishes, forks, spoons, 
and other articles. We still speak of 
the children of wealthy parents as 
"bom with a silver 



spoon in the mouth." 

Wheie solid silver 
would be too expen- 
sive, plated goods are 
used instead, a baser 
metal being hidden 
under a gleaming skin 
of pure silver. 

Key of the Camera 
If you look into a 
mirroi, your image is 
reflected by a film of 
silver deposited on the 
back of the glass. The 
pictures which you 
watch on the screen of 
a cinema have a con- 
nection with silver- 
mines, for every photo- 
graph taken with a 
camera makes use of a 
compound of silver that 
IS affected by light if 
exposed to it for even a 
t iny fraction of a second 
Again, silver salts 
generally are present in 
the films on to which 
photographic pictures 
are printed. It would 
be possible, though very 
difficult, to ^ake photo- 
graphs witl^ut the aid 
of silvei, but it would 
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CRUDE SILVER IN ITS “JELLY-BAG” 

The cheerful-looking young man here smiling at us has gathc*’ed 
up crude silver after the second washing and is taking it in a 
bag of curious shape to the smelting departments for the next 
step in the sequence of operations 


be very slow work, and 
anything in the nature 
of snap-shotting would 
be quite out of the ques- 
tion 



NICKEL THE GOBLIN METAL 



A CONVERTER DISCHARGING COPPER . iVc. r„. 

Canailian ninkel oros contain copper, which has to be separated from the nickel, [n one process 
this is offocterl by heat. Tlie cop]-)cr then has most of its impunlies removed by .ur blown 
through it in a “converter," which is here seen dischaigmg the copper mio a ca^iting ladle 


I N the year 1907 engineers were hard 
at work constructing a great rail- 
way bridge across tlie St Law.cuce 
River at Quebec, (lood progress was 
being made when, on August 29th, iialf 
the structure collapsed and crastied 
into the river, killing a large number of 
workmen. Apart from the loss of life, 
it was a terrible disaster. In a few 
moments over 15,000 tons of steel- 
work became a tangled mass. 

Steel and its Ally 

The whole of the bridge was removed 
and a new one designed. This was 
completed successfully in 1917. The 
engineers responsible for it determined 
to run no risks a second time, so they 
used a specially strong steel, called 
nickel steel, containing a few parts in a 
hundred of the metal named nickel 
Nickel is a weaker material than steel, 
yet when added to mild steel it increases 
its strength greatly. 


^ We may put the facts in this way . 
Take two bars of the same sizf‘, one of 
ordinal V steel and the other of nickel 
steel. If the first can stand a stress ot 
100 tons, the second will be able to bear 
a sticss of from 130 tons to i8t) tons, 
according to the amount of nickel in 
it. Why the addition of nickel slunild 
bring about this extra tougliness is 
very mysterious. But we find the same 
kind of thing in other alloys of metals. 
Why, for example, should weak alu- 
minium become as strong as steel, 
though only one-third of its weight, 
when it is mixed with a little copper 
and magnesium ? 

On account of its great toughness, 
nickel steel is used for many purposes. 
If you had before you a description of 
the many parts of a locomotive, you 
would probably see that the driving 
axles, crank pins, piston rods, connect- 
ing rods and coupling rods are made of 
this metal. It can be relied upon not 
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to crack under great strains. And those 
very important parts of a motor car's 
engine, the valves, are usually of nickel 
steel, because the nickel enables the 
steel to stand great heat without being 
burned away 

Experimenters discovered some yeai-s 
ago that nickel steel containing thirty- 
six parts of nickel out of lOO h<as the 
very remarkable quality of not changing 
its size with ordinary changes of tem- 
perature. You have been told that the 
lails of a railway track must have gaps 
left between their ends to allow for 
expansion in hot weather If one could 


afford to make them of this changeless 
steel, gaps would be unnecessary, and 
trains would run more smoothly. This 
kind of steel has been named tnvar, on 
account of its dimensions being prac- 
tically invariable at all air heats. 

For what purpose should invar be 
particularly well suited ? This is a 
difficult question for you to answer, so 
we will say at once that invar is the 
ideal material for the measuring-tapes 
used by surveyors, and for standards of 
length The length of a 66-foot steel 
tape is conect only at a certain tem- 
perature, and m making very accurate 
measurements one 
must allow for this. 
On a blazing hot 
day it will be too 
long, and on a freez- 
ing winter's day too 
short. But the 
changes in an invar 
tape are too small 
to be worth woi Ty- 
ing about 

A Triple Alliance of 
Metals 

If a third metal, 
chromium, be added 
to nickel and steel, 
we get nickel- 
chrome steel You 
have made the 
acquaintance of one 
form of it in the 
stainless " dinner 
knives that have 
become so popular, 
and with good 
reason, as they are 
not $tained by 
vinega^ and can be 
kept pright and 
clean |vithout the 
tediou^ labour of 
rubbin|f them on a 
knife-bpard. Very 
possibly the blades 
of your pocket-knife 
are forged from the 
same metal 



Mond N%cM Co , Ltd 

AT THE PIT-HEAD 


The pit-head of the Mond Nickel Mine at Frood, Onteno The 
tallest part of the structure stands over a shaft 3,000 ftet deep 
Ore broken below ground into large lumps is hoisted to the top of 
the headuorks, and passed down through crushing machines into 
storage bins, from which it falls into trucks 


THE LAST STAGE IN REFINING NICKEL 



Moftd SicM Cr., Ud, 


The tower-like objects seen here are called decomposers. Each contains a charge of nickel 
pellets, which are constantly being lifted to the top and allowed to fall again. Nickel, combined 
with carbon monoxide to form a gas named nickel carbonyl, is passed through the decomposers. 
When great heat is introduced the gas breaks up. The nickel is deposited on the pellets, and the 

monoxide ts drawn ofi. 
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Nickel-chrome steel finds grimmer 
uses in the armour-plates of warships 
and the projectiles for piercing the 
same. When a nickel-chrome steel 
shell fired from a big gun strikes a 
nickcl-chrome steel plate, it is indeed 
a case of Greek meeting Greek 1 

The mention of armour and shells 
reminds us indirectly of the use of 
nickel for coinage. Low-value coins of 
pure nickel, or of nickel and copper 
mixed, are used in many foreign coun- 
tries and in some parts of Ihe British 
Empire. There are probably in circu- 
lation some thousands of millions of 
these coins. 

During the War of 1914-18, Austria- 
Hungary, Germany and Turkey called 
in all their pure nickel coins and melted 
them down for war material. These 
countries were cut off from all outside 


supplies of the metal, so they made use 
of their great reserve of it in the form 
of coins. 

The bright parts of your bicycle are 
plated with pure nickel. It gives them 
a smart appearance, besides protecting 
the steel below from rust. If you take 
sufficient pride in your machine to 
polish these parts occasionally, it is 
lewarded by the sheen of the nickel, 
which is brightened more easily than 
silver or brass. For this reason taps 
and bathroom fittings, and the metal 
parts of horses’ harness, and many 
items of a motor car are nickel-plated. 

How Nickel got its Name 

Pure nickel was not produced until 
about 1805, and is therefore a late- 
comer among the metals in connnon 
use. The origin of its name is rather 



Mond .VirAW Co., Ud. 

NICKEL-PLATING 


Nickel is mucli used lor electro-plating articles lo piotect the.Ti fiom corrosion and to improve 
their appearance. In this illustration the covers of motor-car radiators are seen coming out of 
the nickel-plating vats in the radiator factory at the Morris Motor Works, Oxford. 
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ADDING NICKEL TO I iON 


W nJ \l kil i II 


ihc icldition of niLkil to ( ibt iron renders it stronger an I easier to sliijje with tools \s the 
nioltin iron is run out through tho diseharging trough of a eupola, tho nickel in the form of 
pellets IS alkmexl to f ill into it from funnel over the trough. 


interesting Some hundreds of ycais 
ago the mineis of Bohemia found an 
ore which looked like coppei ore Thej^ 
put it into their smelting furnaces, but 
no copper came out of it 

Like a Troublesome Imp 

In disgust, they dubbed the stuff 
'' nickel,'* a word which means a uob- 
goblin or tioublesome imp Many 
years later a way of extracting metal 
from the ore was discovered. Ihe new 
metal received the name originally given 
to the ore This was hardly fair, for, 
as you will ha\v realised by this time, 
nickel is very useful to us in many ways 

Most of our mckel now comes from 
the Sudbury district of Ontario, in 


Canada, where great depositts of nickel 
copper ore occupy an oval-shaped area 
measui mg about ^6 by 30 miles They 
were 'hscovered m 1883, during the 
construction of the Canadian Pacilic 
Railway Before this hnd was made 
the chief source of supply was the island 
of New C ledonia, lying 1,077 miles 
north-east of Australia. 

Captain Cook discovered the island 
in 1774, but £01 eighty yeais no nation 
thought it worth annexing Then the 
French ran up then flag ovei it and, as 
a result, were able to control the price 
of nickel for a long time As a matter 
of fact the first patents in connection 
with nickel steel were taken out from 
a French factory 


COPPER~THE RED METAL 
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DRILUNG HOLES FOR BLASTING COPPER ORE 


Until about 1850 Hntain was the world's largest copper producer, but the supply of ore foil 
rapidly, and no copper is mined in this country to*day. In most cases copper deposits, wherevei 
found, must be reaclied by some form of mining The usual method is to drill holes into the 01 e 
body and then load with an explosive charge This article, which has been pit pan d with tl)( kind 
assistance of the Copper Development Association, explains the production and nianj uses of coppt r 


T he only coloured metals, copper 
and gold, were the first worked 
by man, and have been in con- 
tinuous use down the centuries. Of 
the two, copper is the more abundant 
and decidedly the more useful metal. 
Primitive man discovered that a lump 
of the naturally occurring metal, or 
native copper as it is called, could be 
hammered to any required shape and 
that it became harder and stronger in 
the process. Thus he was able to 
replace stone implements and weapons 
by copper ones. This use of copper 
probably continued for many centuries 
before bronze was intentionally made. 
One of the tombs of the ancient 
Egyptians, when opened a short time 
ago, was found to contain a hoard of 
hundreds of copper tools. Although 
they were fashioned thousands of years 
ago, these copper tools were in excellent 
condition, for copper does not rust and 
is practically indestructible. 

Bronze, which is mostly copper with 
the addition of a small amount of tin, 
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was discovered later in Jiistory, and 
was found to be harder and stronger 
than copper. Brass, which is obtained 
by adding zinc to copper, was known 
to the Giceks and Romans. Such 
combinations of metals are called 
alloys, and copper fonns the base of a 
great many alloys which are widely 
employed in industry. This is because 
copjier and its alloys are easily worked 
and become stronger in the process, 
and have long-lasting qualities. They 
are also good conductors of heat and of 
electricity. 

A Conductor of Electricity 

The astonishing grqwth of most 
industries in the past hundred and fifty 
years has been due fergely to the 
availability of electricil power, and 
electricity depends on cqipper. Next to 
sil’^er, copper is the be^ conductor of 
electricity. It was sdon discovered 
that the presence of impurities in 
amoimts so small that they were 
regarded as of no account, aflected 
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the ability of copper to conduct elec- 
tricity. 

So a great demand arose for high 
purity, or high conductivity copper. 
Although large amounts of copper in 
the native state have been exploited, 
as in the Lake Superior region of 
North America, nearly all the copper 
now produced comes from copper- 
bearing rocks called copper ores. Such 
ores are widely distributed throughout 
the world. They are found in the 
United States and Canada, Northern 
Rhodesia, South Africa, Spain, Chile, 
Australia, Turkey, India and Japan 
and in parts of Russia. 

It is of interest to recall that copper 
was once mined in Britain, in Cornwall 
and Anglesey, and that until 1850 this 
country was the world's largest copper 
producer. World production of copper 
to-day averages about 2 ^ million tons a 
year, of which nearly a quarter is derived 
from the British Commonwealth. 


Scattered in Grains 

Copper ores are found at various 
depths, from near the surface where 
they are quarried like stone, to many 
hundreds of feet below ground level 
where they are mined like coal. Some- 
times the ores occur as layers or veins 
in the surrounding rocks, but mostly 
they are scattered as minute grains of 
copper minerals in large bodies of rock. 
As a rule, the deposits do not contain 
more than i or 2 per cent, of the metal. 
That is to say, 100 tons of ore may 
yield less than 2 tons of copper. 

Copper combines readily with sul- 
phur, and its ores are generally sul- 
phides ; either combinations of copper 
and sulphur, or copper, iron and 
sulphur, with small amounts of other 
elements included. Chalcopyrite, a 
sulphide of copper and iron, is stated 
to account for one half of the world’s 
total supply of copper. The deposits of 
this glistening yellow mineral in Spain 



UNDERGROUND HAULAGE IN A COPPER MINE 

In many mines coarse jaw crushers are used to reduce the larger lumps of copper ore while still in the 
mine, after which the ore is loaded into trucks drawn by a locomotive and taken to the bottom of the 
shaft to be hoisted to the surface. This picture gives a good idea of the underground haulage system 

in a modem copper mine 



NEWNES* PICTORIAL KNOWLEDGE 


114 

contain so much sulphur, that large examining the drillings collected inside 
amounts of both sulphur and copper the hollow drill as it descends, 
have been obtained from it. Bomite, 

another sulphide ore, is known as Reduced to Fine Powder 
peacock ore ** on account of its When the prospectors have indicated 
brilliant colours. Another class of ores, by borehole samples the nature and 
the oxidised or weathered ores, include extent of a promising ore body, mine 
such minerals as malachite, which is shafts are sunk to appropriate levels, 
bright green, and azunte, which is blue, and from these timnels are driven into 
Although such minerals may contain the ore body, with cross-cuts to facili- 
anything from 30 to 90 per cent, tate the removal of the ore. In this 
copper, not one ot them occupies way a vast network of passages is 
much of the ore body, but must be made, connected by sloping ways or 
extracted from large masses of useless raises.’* Large storage spaces are 
rock. also made, and sometimes machinery 

Although large deposits of copper ores for rough crushing is installed below 
are found at or near the surface of the ground The mam tunnels have light 
earth, as at Utah in the United States railways or conveyor belts to carry the 
and at Rio Tinto in Spain, the vast ore from the inner woi kings to the 
majority of ores are only reached by mine shafts, whence the ore is raised 
deep mining. New deposits are found to the surface 

by drilling boreholes by means of To mine the ore, a chamber is 
hollow drills. The nature of the excavated in the ore body and holes are 
different layers of rocks can be told by drilled into the walls and loof. ( harges 
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GRINDING COPPER ORE JN BALL MILLS 


Before the copper ore can be concentrated and taken to the furnaces for smelting it must be crushed 
and then ground down to powder The grinding is done in rod or ball mills, which are steel 
containers bolding some tons of loose steel balls or rods By their rotating and cascading as the mill 
revolves these gradually grind the ore to powder 



lilt liiul> Liomul OIL pissts tliroUf’h a stius I notation cell«? which scpaiatc tin \aluai)lt part the 
sulphidf^ grains from ill the woitlikss mattir Altii tile viluablo put (ailed the conctnlraU, is 
dried thukened filten cl and '^^n( Urd in i rtvtibcntory fin nat( the mittc, as it is no\\ known, 
is char^td into a cointiU r Ihis photo^nph shows o, coiivcrttr after being eharged 


of explobivcb are rammed into the holes, 
and by means of long fuses groups of 
rharges are exploded simultaneouol} , 
bunging down laige masses of oie at a 
time The ore obtained in this mannei 
falls down chutes into stoiage spaces oi 
into trucks Coarse jaw crusheis may 
i educe the larger lumps ot oic before it 
IS hoisted to the surface 

At the top of the mine, the ore is 
tipped on to an oie dump, fiom which 
it is drawn as required Before it can 
be melted to ext i act the copper from 
it, the ore passes by conveyor belt to a 
series of crushing machines. Finally, 
it is mixed with water and fed into 
large cylinders containing tons of loose 
steel balls or rods which cascade down 
on the pieces of ore and grind them to a 
fine powder. Ore which is still not 
fine enough is separated by classifiers 
and returned to the grinding mills. A 
classifier is an inclined trough with a 
series of rakes, or a metal spiral, by 


which the coarser material is pushed 
over the top and returned to the ball 
or lod lulls Ihe now hnely ground 
ore in \ater is allowed to How to 
flotation cells, where the coppci-nch 
particles aie separated from the woi th- 
icks lock In each cill, pine oil is 
added to the mixture of oie and w^ater, 
and air is forced up thiough the mix- 
ture, causing it to froth The copper 
bearing pai tides adhere to the both 
and overflow the cell, while the useless 
rock particles sink to the bottom A 
single plant may contain hundreds of 
these cells 

Ready for Smelting 

The valuable matter, which is made 
up of copper and iron sulphides, is 
called concentrate It is sent to 
thickeners, which are large tanks with 
revolving arms which draw the solid 
matter to the centre and allow most 
of the water to drain away The 
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remaining water is removed by suction copper is poured into moulds, it 
filters. Excess sulphur may be re- bubbles, and the resulting large cakes 
moved from the concentrate at this of copper are known as “ blister 
stage by roasting. copper " from their blistered appear- 

The copper ore is now ready for ance. 
smelting in a reverberatory furnace, in 

which the fiames from a set of burners Refining by Electrolysis 
at one end pass over heaps of ore and Blister copper is not fit for corn- 
fluxes spread over the hearth. The mercial use as it may still contain small 
fluxes form a slag which takes up some quantities of iron, sulphur, bismuth 
of the impurities from the molten ore and other impurities, so it must be 
which is now called matte. The matte refined. The refining is done in another 
is still a mixture of copper and iron reverberatory furnace where the blister 
sulphides, and while in the molten copper is melted. Air is blown through 
state it is removed in ladles and the molten metal to remove the 
charged into converters. In a con- impurities, and the final removal of 
verter, air is forced through the molten oxygen is done by inserting long poles 
matte and as it combines with the of green wood into the metal, a process 
sulphur great heat is generated. The called “ poling.” The refined copper 
sulphur escapes as a gas, sulphur is then tapped, the flow of metal being 
dioxide, and the iron goes into the directed to a casting wheel carrying 
slag, leaving crude copper. As the heavy moulds of the required shape to 



Rmhana C&rporaHcn Ltd 

POURING THE MOLTEN COPPER 


The copper matte " is in the converter for about three hours, during which all the iron is oxidised 
and slagged ofif, and the remaining sulphur is blown out. The converter is then tilted, as seen in this 
photograph, and the molten copper poured into ladles and transferred to a heated holding or casting 

furnace. 



COPPER-THE RED METAL 
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InUfnaivmal A ickd ( ompuny 

IN THE ELECTROLYTIC TANK HOUSE 


I o produce Cupper of high purity the electrolytic refining process is used whenever necessary Here 
we have a view in the Electrolytic Tank House, showing the copper cathodes being removed fiom 
the tanks In this process the insoluble impurities m the copper, including gold, silver, lead and 
tin, Sink to the bottom of the tank to be recovered later 


produce wiie bars, billets, cake^ or 
anode plates. 

Copper of high purity can be obtained 
by fire refining, but if further refining 
is required this is done by electrolysis, 
using anodes made by fire refining 
The anodes have lugs by which they 
hang in tanks between thin sheets of 
pure copper called starting sheets. The 
tanks contain dilute sulphuric acid and 
dissolved copper sulphate, and when 
an electric current passes through the 
tanks, the copper anodes dissolve and 
the copper passes to the starting sheets 
which grow in thickness forming cath- 
odes of pure copper. The impurities 
in the anodes, and any gold, silver or 
other valuable metals which may have 
remained in the copper through a the 
refining stages, settle to the bottom of 
the tanks as a sludge which is treated 
separately to recover the precious 
metals. The copper cathodes are taken 
to a furnace where they are melted and 
the refined coppt r is poured into moulds, 
to form wire bars, billets or cakes. 

Electrolytically refined copper, being 
of the highest purity, is specially 


suitable foi electrical uses and for 
making high grade copper alloys. 

Copper for the manuketuring indus- 
tries IS supplied as sheet and strip, 
bar?, rods, wire and tubes. Over 
180,000 tons of copper wire is made 
ever> vear in Bntain alone, to provide 
cables lor electricity supply, telephones 
and telegraphs, submarine cables, and 
special cables for radio and television 
transmission. Copper sheet is widely 
employed as roofing for buildings, 
large and small, and for many kinds of 
chemical and other plant. Tubes of 
copper and copper alloys are also used 
in buildings for water, gas and sanita- 
tion services, and in many industries. 
Heavy copper tubes are employed as 
engraved rollers for printing. 

The addition of other metals to 
copper produces a wide variety of 
copper ^oys which are important in 
many industries. Mention has already 
been made of bronze, an alloy of copper 
and tin, and brass, an alloy of copper 
and zinc. These have many applica- 
tions as castings, stampings and pres- 
sings, as well as in wire and tube forms 



FOR POWER AND PROTECTION 



flrift h 1 It It A (th txlv 

The electrical industry is largely dependent upon copper partuuKirly in the form of wire because 
the electrical conductivity of copper is greater than that ol an\ other me lal < \cept sih t r \ctuallv 
more than half of all the copper produced is no^\ used in the eh ctrieal iiuliistr\ , and this photogTajih 
gives some indication of the miles of copper wiit used in the transmission of clc( tin. powti 




Copper Development Associatujn 

In Roman times copper was used as a roofing matemil Remains of this, after the passage of 
hundreds of years, were removed and again put to good use The dome of the British Museum is 
roofed with copper, and so are the domes on the Old Bailey and the Bank of Fngland, among other 
London buildings Our photograph sho^%5 the copper roofing on Li\( rpooi Cathedral 

ti8 





A GREAT LINER’S PROPELLER 



J Stent 6 - Co , Ltd, 


In the shipbuildijif, industry copper and its alJoys are used extensively Here we see one of the four 
great propellers ot the Queen Lltzaheth These propellers are made of high tensile brass, and each 
of them weighs over 30 tons llrass one of the best-known of the hundreds of copper alloys used in 
industry to-day, contains at least three fifths copper, the remainder being mainly zinc. 
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Copper nickel alloys, familiar to us as 
coins, are highly resistant to corrosion 
and for that reason are employed in 
making chemical plant and for con- 
denser tubes. Another copper alloy 
which does not corrode, aluminium 
bronze, has many industrial uses and 
has such an attractive appearance that 
it has been used for powder compacts 
and inexpensive jewellery. Nickel silver 
is a copper alloy which contains nickel 
and zinc but no silver, although it gets 
its name from its silvery appearance. 
Besides making handsome tableware it 
is produced in large quantities for 
electrical purposes. Cadmium copper 
is specially suited for trolley wires as 
it stands up to rough usage. 

The list of copper alloys is almost 
unending, and includes special alloys 
such as tellurium copper, beryllium 


copper, chromium copper, and many 
others, each having its own combina- 
tion of desirable properties while re- 
taining for the most part the qualities 
which make copper itself a material so 
essential to modem civilization. 

It is not only as a metal that copper 
is of great value in modem life. Copper 
chemicals are sprayed on potato and 
other plants to protect them from pests 
and diseases. Copper is a constituent 
of some anti-fouling paints used to 
protect ships’ bottoms against marine 
growths. Copper is used to make 
coloured glass, in metallic printing inks, 
and for hundreds of other purposes. 

One may safely say that there is 
scarcely an industry in which copper 
is not used in one form or another, and 
that it is as essential to-day as it has 
been all through its long history. 



Copper DeWelopment Auociaiion. 

A LOCOMOTIVE COPPER PLATE HREBOX 


In this photograph is seen a new locomotive hrebox, made of heavy copper plate, and on a smaller 
scale is inset a modem locomotive in which, besides the firebox, many httingsjare made of copper or 

of one of its alloys, such as brass. 



ZINC, THE GALVANISING METAL 



Photos by courtesy oj Imperial Smeltmn Corporation Ltd 


CHARGING THE RETORTS WITH BRIQUETTES 

The most modem method of extracting zinc from its ore is by pyro- metallurgy (extractmg by 
heat) by the American Vertic-al Retort process, and m this photograph the vertical retorts are seen 
while being charged with coked briquettes. 


T here are a number of ores from 
which zinc is extracted, but only 
two can be considered of import- 
ance, blende, the sulphide of zinc, and 
calamine, the carbonate. Blende is the 
more abundant and therefore the princi- 
pal source to-day. 

Unlike many metals which are mined, 
zinc does not occur on its own, but it is 
associated with the ores of lead, silver, 
copper and sometimes tin, often form- 
ing extensive deposits of a very complex 
nature. 

Extraction of Zinc 

There are two main principles in 
operation for the extraction of nnc 
from its ore : 

(i) Pyro-metallurgy , or extraction by 
heat. 

(2) Electrolytic, or extraction from a 
solution of zinc salts by an electric 
current. 

The most modern method of zinc 
extraction by pyro-metallurgy is the 
American Vertical Retort process. 


There are three such plants in America, 
one in Germany and one in England, at 
Avonmouth, near Bristol. 

AppHf 'itions of Zinc 

Thoi'gh one of the most important 
metals in everyday use, zinc often 
passes unrecognised and thus is not 
treated with the respect it so richly 
deserves. 

Brass, that ubiquitous metal, is an 
alloy of copper and zinc ; it is manu- 
factured in the form of sheets, tubes, 
rods and wire, castings and forgings ; 
it is used for making anything from 
brass buttons to the propellers of 
R M.S. Queen Mary. 

Think of the number of items which 
one sees daily that are galvanised. A 
galvanised article is one of iron or steel 
which is fabricated and afterwards 
dipped into a bath of molten zinc. The 
reason for galvanising is that zinc will 
not rust, and when enveloped the iron 
and steel are efficiently protected from 
nisting. A galvanised article will with- 


f2T 




122 


NEWNES’ PICTORIAL KNOWLEDGE 


stand the ram and damp atmosphere 
for many, many years 

To quote but a few examples which 
will indicate the wide sphere of usage 
to ensure a long and perfectly safe life 
the p;ylons which cairy elect i ical current 
across the countryside are galvanised 
The farmer enjoys longevity of much of 
his equipment by knowing it is pro 
tected from rust his buckets, food 
stock bins, feeding troughs barbed wire 
and even the roofs of his barns \t 
home many examples can be found , 
such items as buckets and wattling 
cans are galvanised, and most likely the 
steel window-frames of the house befort 
they are coated with paint 
Though galvanising is tin most used 
method of coating with zinc, there are 
other methods which have then own 
particular applications, such as when 
a bridge is to receive the protection of 
zinc This Is far too large to be galvan- 
ised , it lb therefore spray t cl with zinc 
Small objects such as screws and nails 
are sherardisc d , this entails the ob- 


jects being placed m a container in 
which there is a quantity of zinc 
})Owder The container is sealed and 
slowly revolved in a furnace The zinc 
impregnates the surface of the iron, 
forming an inner iron-zinc alloy merg- 
ing into a zinc-iroii alloy, and finally, on 
tiu suifaci pure zinc 

Another method of coating articles 
with zinc IS by plating , this method i^- 
limited to comjionents of such size that 
thty can lx disposed conveniently in a 
jilating tank I lectro di posited zinc 
coatings find wide application for pro- 
tecting from rust many articles fabri- 
cated from sheet steel Ihey aie also 
employe d on wm and on nuts and bolts 
ami similar small components 

Rolled zinc, which is made by lollmg 
slabs of zinc into sheets is used exten 
siv’^ely in the building industiy for 
roofing giiftt rings and \v.ist( pipc^ 
laige ciLiantities aiP used loi the cases 
of dry tlcctnc batteiics owing to its 
spcdal electro clumiCfil piopcrtus 
Pnntcis use sheet zinc foi lluir lilho- 



ROASTING THE ZINC ORE 

Thw photograph shows tht sintering machines which roas^ the 7inc ore and extract the sulphur 

dioxide gas before the ore is distilled 



CRUSHING MILLS AND COKERS 



In these four Chilean mills the mixture of sintered zinc tiushcd coil and binding; matein.1 in 
crushed ind hound to^'ether to mike tl e brH|uttUs in thi lust stab<’‘> t)f evtrjctinsj the juin 7im 

from the blende 




There are several ores from which zinc is obtained, but blende (sulphide of zinc) is the main source 
of supply After the ore has been crushed it is pressed into the form of briquettes These are 
then coked " before going to the vertical retorts, where the pure zinc is extracted This photo 
graph shows the briquettes being discharged from the cokers 
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graphic plates owing to the quality 
the material being easily etched. 

A small quantity of other metals are 
added to zinc of the highest commercial 
purity, which is 99-99 + per cent., to 
produce a zinc alloy sold under the 
trade name of Mazak. Mazak is used 
for pressure die casting. Pressure die 
casting is the name given to describe 
the action of forcing molten metal under 
pressure into a steel mould for the pro- 
duction of castings, which can be ex- 
tremely complex. It IS a process which 
is unexcelled for rapid production of 
parts. 

The number of articles produced 
from Mazak is legion. They vary from 
zip fasteners to motor-car radiator 
grilles, carburettors to model railway 
engines. It is a durable material to 
which organic or chemical or plated 
finishes can be applied. 

Though zinc is applied in various 
forms to many other everyday uses it 
cannot be left without some mention of 


the very important zinc pigments. One 
of these is zinc oxide, a fine white 
powder which is used in paint and 
enamels as a pigment and as an in- 
gredient in rubber to make it tough and 
resilient ; it is used in linoleum and 
leathercloth too. In pharmacy its anti- 
septic qualities find outlet in zinc oint- 
ments, adhesive plasters, soaps and 
cosmetics. 

Another pigment is zinc sulphide , 
this is the basis of one of the most im- 
portant white pigments, known as 
lithopone. Lithopone was invented by 
Mr. John Bryson Orr, a Scottish 
chemist, in i8q8. Mr. Orr, when ex- 
perimenting, discovered that a mixture 
of sulphide of zinc and sulphate of 
barium made a white pigment of great 
opacity. The chief uses of the pigment 
are in the paint, linoleum and rubber 
industries, where it is used as a basis 
for bright colours ; it is also used in 
many others, such as cable, leather- 
cloth, celluloid, asbestos and paper. 
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CASTING ZINC SLABS 

The number of articles of everyday use which* have been *' galvanised *' or coated with zinc is 
legion, while shiset zinc is used extensively in many trades. Here we see high purity zinc being 
cast into slabs, in which form it is easily handled 




TIN AND TIN PLATE 



Photos by couHt'sy of (he Tin Reseort h fif>lf(u(e 

IN A MODERN FRUIT-CANNING FACTORY 


Canned foods have become an essential part of our daily menus, and the " tin-oponcr " an important 
item in the kitchen equipment. For fruit-cannmg, high-grade hot-dipped coatings of tin are used, 
and here we see the " tin cans " being hlled with fruit. How tin is obtained and its many uses are 

dealt with in these pages. 


T in is found in the form of oxide, 
cassiterite, sulphide, and s^an- 
nite ; very rarely is it found as 
native tin. The ore is usually sparsely 
scattered through igneous rocks, of 
which granite is typical, as an intrusion 
into the cracks which developed when 
the rock was cooling after vSolidifying 
from the molten state. These intrusions 
take the form of thin veins, or, occa- 
sionally, of small isolated lodes. 

In Cornwall, these veins or lodes are 
generally at a fairly steep slope to the 
horizontal; they vary in thicMess 
from a millimetre up to several inches 
in thickness, but each vein may be 
many yards in width. Veins and lodes 
are generally located at all depths 
down to 3,000 feet or even deeper. 

In Bolivia similar granite masses 
containing tin form a high plateau of 
the Andes mountains, rising from 

12,000 to 15,000 ft. Other lode mining 


areas are in the mountains of Czecho- 
slovakia, and in the north of Spain ; 
there :r also a lode mine at Pahang in 
Malaya. 

The alluvial mining areas in Malaya, 
Indonesia, and elsewhere, have come 
about by the granite rock being 
reduced during millions of years to fine 
sand, and in some c«ises to kaolin 
(china clay). The cassiterite is found 
in fine particles in alluvial mud and 
gravel brought down from the moun- 
tains by the rivers. 

At present the total world production 
of tin in ore is some 167,000 tons a 
year. Lode mining in Bolivia yields 

31.000 tons ; in Europe, including 
Cornwall, 2,700 tons are produced ; 
from alluvial mining Malaya produces 

58.000 tons ; Indonesia 32,000 ; Siam 
10,000, while the Belgian Congo pro- 
duces some 15,000 tons annually. 
China 3,600, Nigeria 8,000, Australia 
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2,000 tons, with another 5,000 tons 
from other countries completes the 
world's supply. 

It is obviously cheaper to recover the 
tin ore from alluvial deposits, already 
naturally disintegrated, than from lode 
mines where miners have to blast and 
hew tunnels through one of the hardest 
of rocks. 

Mining Alluvial Ore 

Various methods are used in mining 
alluvial tin ore, b\it usually it is done in 
open-cast quarries or by dredging. In 
open-cast working the top soil is 
removed to expose the tin-bearing clay 
or gravel, and the pit is continually 
enlarged and deepened in terraces. 
Where bull-dozers, scrapers, drag-lines, 
and power-operated shovels can be 
used, the open-cast terraces are worked 
simultaneously at several levels, and 
the crude ore carried away to the 
washing station nearby. In some 
arei mechanised methods are unsuit- 
able and hand shovels are used, the ore 
being transported in baskets. 

Another method is to wash away the 
sides of the pit with powerful water 
hydrants ; the mud bearing the tin 
collects in sumps and is brought by 
gravel pumps to the top of a long ramp 
(or palong, as it is known in Malaya) 
sloping down into the pit, and divided 
every few yards by a cross board where 
the tin ore can sink while tighter 
material passes over. 

The most effective method, however, 
is to form a lake or paddock in the 
deposit and launch into it a bucket- 
dredge assembled beside it. The boom 
with its chain of huge buckets may be 
capable of reaching 150 feet depth, and 
the dredge is firmly tied to the bank so 
as to enable the buckets to scrape away 
the tin-bearing earth. The sand and 
clay .brought up by the buckets is 
discharged into a rotary sieve or trom- 
mel in which jets of water free the heavy 
tin ore. 

Crude tin ore obtained by these 
methods is cruslied, washed, and sieved; 


it may contain some iron and copper 
oxides and sulphides, or other valuable 
metals, which are then separated. This 
is done by a flotation process in which 
oil is used. Further processes are used 
to obtain a good separation, after which 
the dry '' concentrate " containing 
about 70 per cent, of tin is sent to the 
smelter. 

Refining is generally done in a rever- 
beratory furnace where the molten 
metal lies in a shallow pool a little below 
the arched ceiling of fire-clay from whicli 
the heat of burning gases is reflected 
into the metal. Further purification 
is effected after this treatment in the 
furnace, and, indeed, the refining opera- 
tions are repeated many times before 
the highest quality of pure tin is 
obtained. 

Properties and Uses 

Tin has a low melting point (z iz"" C.) , 
is able to resist conosion, and, when 
molten, to “ wet " cleaned surlaces of 
steel, copper, brass and otlu'r metals, 
and to adhere to them after cooling 
down ; it is ductile (flexible), and it 
will alloy with many common metals. 
Its main uses are for coating, for alloys, 
and in chemical compounds. Coatings 
are applied by either electrodeposition 
or by hot-dipping. In addition, tin 
coatings may be produced on articles 
by spraying them with fine particles of 
tin, or by immersing them in .solutions 
of certain tin compounds. 

In the electiodeposition method the 
cleaned article is suspended as the 
cathode in a tank containing the 
electrolyte, which is a solution of 
sodium stannate (NagSN O3) or of 
stannous sulphate (Sn SoJ. Anpdes of 
pure tin are suspended two oi three 
inches from the object. A current of 
about 15 to 30 amperes per square foot, 
and at from 3 to 5 volts usually, is 
passed for a few minutes, or, if ^ thick 
deposit (one-hundredth of an inch) is 
reqiiired, for as long as an hour. The 
sodium stannate bath works at 80° C., 
but the stannous sulphate bath can be 



DREDGING FOR TIN 
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rho largtr part oi he woild s tin sii] ply tiiistoiK bWck oxide, of tin, found ntai tlu 

surface mixed with gia\cl oi liith This hii^e Hoitiiig dndge is scooping up tin beanng 
gravel with its great steel buckets 1 hchc dicdgt s aie so etlicn nt that it is \\orth while treating 
deposits lontaining as little as one pound of tin oie in three tons of sand and clay. 
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IN A CORNISH TIN MINE 


Cornish tin was used by the ancient Phoenicians and the 
Romans. To-day, Cornwall still produces tin, bu( the 
mines have become deeper and water seeps in, as seen 
in this photograph of trimmers hauling trucks in the 
East Pool Mine. 


worked cold. This process is much 
used for tinning parts which are to be 
soldered later. 

Coatings of tin can also be produced 
on steel, copper and brass without 
passing any external current, merely 
by tying round them a wire of alum- 
inium and immersing in hot sodium 
stannate for a few minutes or up to two 
or three hours. This method is useful 
for inaccessible places. 

Tin coatings by the hot-dipping pro- 
cess are produced by cleaning the sur- 
face, covering with a flux solution, and 
heating in contact with molten tin. 
The tin may be molten in a pot, or 
applied as a wire or powder which is 
then melted on the metal surface ; 
excess tin is drained off by gravity, 
or by spinning the article, or by 


wiping (" wiped ” tin coatings). 

Hot-dip coatings generally 
range from one-thousandth of 
an inch down to half this when 
freely drained. In tin plate 
manufacture, coatings down to 
about one tenth this thickness 
can be obtained by squeezing 
off surplus tin between rollers 
working in hot palm oil. 

Tinplates usually carry about 
70-miUionths of an inch of tin 
upon each side. The manu- 
facture of tinplate began three 
or four centuries ago with the 
hand-tinning of small sheets of 
iron, and then about a century 
ago the process became mech- 
anised. Twenty-five years or 
so ago, methods of producing 
steel sheet in continuous coils 
were developed in the U.S.A. 
This continuous sheet is pre- 
ferred for tinplate manufacture 
because it is purer, more 
ductile, and more free from 
defects. It has to be cut up 
into sheets before it can be 
tinned. 

The electrolytic variety of 
tinplate is always produced in 
continuous coils. The steel coil 
passes at sp)eeds of five to ten miles an 
hour through long, shallow baths con- 
taining tin compounds in solution. 
Current passes in from pure tin bars 
(anodes) immersed in the solution, 
causing them to dissolve, and passes 
out through the strip of steel, depositing 
tin on it at the same time. After 
washing and drying, the strip is " flow- 
brightened ” by passing the cofl quickly 
through a zone which is just hc]|t enough 
to fuse the tin coating. 

The rate of deposition of tih is slow 
and very long baths would w needed 
to deposit the same thictness of 
tin as there is on ordinary ‘tinplate. 
Electrolytic tinplate coatings are 
therefore thinner, generally about a 
third of the coatings with hot-dipped 
tinplate. 
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HOW SCOrtANO’S WATER DRIVES AN ALUMINIUM WORKS 
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TIN AND 1 

For canned foods of the more corro- 
sive types, such as fruits, hot-dipped 
coatings of high-grade are used. The 
electrolytic grade, with or without the 
addition of one or more coats of lacquer, 
has a large field in packing less corrosive 
foods and for dry materials such as 
coffee. 

Hot-dipped coatings are generally 
used for milk cans and other dairy 
equipment, whether of steel, copper or 
gunmetal, and also for kitchen equip- 
ment such as mincers, sieves, mixing- 
bowls, etc. 

Sprayed tin coatings are commonly 
used for large pieces of equipment that 
cannot be handled by ordinary means, 
for example, large dough mixers, milk 
tanks and food-preparing vats. 

Immersion coatings aic extensively 
used on pins, eyelets, and similar small 
articles, particularly screws and other 
threaded paits where clogging of the 
thread must be avoided. 

Tin coatings as a preparation for 
'iuldering are preferably of the hot- 
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dipped kind, but may be of tin-lead 
alloy instead of tin. 

Steel and copper wire are tinned b^^ 
drawing them through baths of molten 
tin or tin-lead alloy and wiping off the 
excess tin by means of a rubber or 
asbestos wiper. 

Pure tin is used for the manufactuio 
of high quality foils for electrical con 
densers and for wrapping cheese and a 
few other food products. Additions of 
less than 2 per cent, of antimony and 
copper are made to the tin in such cases. 

The addition of about 4 per cent, 
antimony and up to 2 per cent, of 
copper produces pewter and Britannia 
metal, which are mostly used for 
decorative purposes, but are also use- 
ful as corrosion-resisting alloys for 
contact with vinegar and certain other 
common substances. 

Jewellery can be cast quite cheaply 
in this ailoy, using rubber moulds. 
The addition of 7 to 10 per cent, anti- 
mony and from 2 to 7 per cent, coppei 
transforms tin into bearing metal of the 



GOING DOWN IN THE LIFT 

A good deal of the world's supply of tin is now obtained from alluvial mining, but lode mming 
also produces 34,000 tons annually, of which Coriiw'all supplies some 2,700 tons. In this photo- 
graph a group of miners is seen just before going down in the lift to the deep workings. 


N.r.lL— vox.. VI. 


NEWNESS PICTORIAL KNOWLEDGE 


130 

highest quality for use in reciprocating 
engines. With even higher proportions 
of antimony, the alloy is harder and is 
much used for soda siphon tops and 
pressure die-cast counter mechanisms, 
valves for gas meters, etc. Other 
alloys of tin are used for the bearings of 
such appliances as electric motor dyna* 
mos, ship’s propellers, and lailway 
carriages and wagons. 

Solders may have 100 per cent, tin 
down to about 20 per cent., and even 
much lower for special purposes. It 
depends on the work for which the 
.solder is required 

One might go on at considerable 
length in mentioning all the articles in 
which tin and its alloys are used. Type 
metals are made of lead hardened 
with 15 per cent, of antimony, and 
toughened with from 4 to 12 per cent, 
of tin ; the more tin the tougher the 
type and the longer it will last without 
becoming worn and flattened. 

Bronze is an alloy of about 90 per 
cent, copper and 10 per cent. tin. 
(iunmetals are similai but contain fiom 
2 to 5 per cent, of zinc as well. Bell 


metal is bronze with about 20 to 25 per 
cent, of tin. The colour is cS greyish 
pink, and this alloy is extremely hard 
and resonant. 

Since the introduction of the electro- 
lytic process of manufacturing tinplate, 
the most important compounds of tin 
are those needed for electro-deposition : 
stannous sulphate and sodium staniiate. 
More stannous sulphate is u.sed than 
stannate. 

Tin oxide is generally prepared from 
tin metal or tin recovered from scrap 
since the natural oxide (cassiterite, tin 
ore) is not capable of being purified 
siillficiently. It is a dense white powder, 
insoluble in water and acids, only 
slightly soluble in strong alkalis, but is 
dissolved by fused caustic soda. Its 
chief use is in ceramics and in porcelain 
enamels used on iron and steel, toi 
which it is unsurpassed Organic 
compounds of tin, such as dibutyl tin 
inaleate, have in recent yeais become 
important m the manufactuie ol clear 
plastics as they prevent the spontane- 
ous clouding and daikening Xo which 
some types of plastic products ai e liable. 



A TIN MINE IN BOLIVIA 

High up in the Andrs, granite masses containing tin form a plateau at 12,000 to 15,000 feet. 
VVoiking at this altitude is ditticult and inevitably costly, but some 31.000 tons of tin are 
produced annually in Bolivia. Our photograph shows the portal and mam haulage level of a 

Bolivian tin mine. 



THE STORy OF ALUMINIUM 



Topi Lai Presi 

THE FIRST BRIDGE MADE OF ALUMINIUM ALLOY 


Many experniionts have l)een made to LOiiibmc the lightness of alununiurn with other iiiateiials 
having stiengih and toughness These experiments liave produced valuable alloys and in this 
photograph is seen the first aluminium alloy b.iscule bridge in the world. It spans the junction 
between the Huilson and Hendon Docks at Sunderland, and was opened in November. 1948. 


A LMOST eveiy kitchen nowadays 
contains some saucepans, kettles 
jI m. and otln i cooking utensils made 
of aluminium. And for a very good 
reason, since tliis silvery -looking metal 
is only about one-third as heavy a^ iron, 
conducts heat excellently, does not 
tarnish or rust, can be cleaned easily, 
and will stand a lot of knocking about. 

The qualities of liglitness and free- 
dom from rusting make aluminium 
useful for many other purposes, such 
as the crank-cases of motor cars, 
name-plates, mats, ornamental ti./mgs, 
reflectors, telescope tubes, and so on. 
The metal conducts electricity so well 
that large quantities are made every 
year into wires for insulated cables and 
overhead conductors, and parts of 
electrical apparatus. 

Aluminium is one of the commonest 
elements in Nature. An acie of clay- 
land contains tons of it ; even in a 


i small back-garden aluminium lurks in 
I no 11 M an quantities. 

Bu‘ it IS always combined with other 
elements — oxygen, hydiogen, sodium, 
chlorine, silicon — and the difficulty of 
separating it from lliem made it a very 
expensive metal, costing at one time 
much more than silver. About the 
year 1890 a method of parting it from 
its companions by means of electricity 
came into use. The price tlien fell 
with startling rapidity, and to-day 
aluminium costs hardly more than 
copper. 

Between Rods and Lining 

The story of aluminium begins 111 
a deposit of a kind of clay, named 
bauxite, near Arles, in France, or Larne, 
Ireland, or in Alabama, Arkansas, or 
Geoigia, U.S.A., or in Biitish Guiana. 
This mineral is white or red in colour, 
and a chemist would describe it as 
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impure hydrated oxide of aluminium, 
which means a combination of oxygen, 
aluminium and water. 

To pick up all the threads we have 
also to go to Greenland, where is found 
a great abimdance of another com- 
pound of metal, called cryolite. For 
this substance, too, is needed in the 
manufacture of aluminium. 

We must also put on our list a great 
electrical power-station, where elec- 
tricity is generated cheaply by falling 
water — at Niagara, at Foyers and Kin- 
lochleven, in Siratland, or elsewhere. 

Imagine, then, the bauxite and cryo- 
lite brought together at the factory, 
which itself is near the power-station. 
In the factory are large carbon crucibles, 
each having an iron plate in the bottom, 
and over each box is a bundle of carbon 
rods. The iron plate is connected with 
the negative pole of the electric gene- 
rators and the rods with their other pole. 

iiy Electric Flame 

A man lowers the rods against the 
lining and draws them away again. An 
intensely hot arc, or electric flame, is 
created between the rods and the 
lining. Cryolite is thrown in, and the 
intense heat melts the cryolite. Then 
bauxite is added in a steady stream. 
The aluminium in it is melted out and 
sinks through the cryolite to the bottom 
of the crucible, from which it is drawn 
off at intervals. The oxygen in the 
bauxite combines with the carbon of the 
rods to form a gas, which passes off into 
the air. 

Aluminium is a very " kindly ” metal 
to work. It allows itself to be rolled 
out, or drawn into wire, or squeezed 
and hammered to any desired shape. 
For saucepans, it is roUed into sheets, 
out of which circular pieces are stamped. 
Then each piece is placed between dies 
and its edges are turned up, and, 
behold 1 the body of a saucepan. To 
this a handle is riveted to make the 
article complete. The saucepan is a 
good tliick one, holds half a gaUon, and 
weighs 14 oimces. Its cast-iron com- 


panion, of the same size, weighs over 
3 pounds. 

As an Alloy 

Pure aluminium is not a very strong 
metal. But if mixed with a small pro- 
portion of other metals, such as copper, 
zinc and iron, it makes a very light 
but strong alloy. These aluminium 
alloys are used for the pistons and 
connecting-rods of motor car engines. 
Engines of this kind have to run at 
very high speed, and they may make 
up to 5,000 revolutions a minute. 
Every time a piston reaches the end 
of a stroke it and its connecting-rod 
have to be stopped and moved in the 
opposite direction. The saving of even 
a few ounces is therefore a great gain, 
as the engine then has to waste much 
less power in repeatedly checking and 
speeding-up these parts. 

Aluminium is used in an interesting 
way for welding tramline rails together 
end to end. A mould of fire-clay is first 
arranged on each side of the join and 
below it, to prevent the escape of the 
metal poured in to fill the space. A 
'large crucible, rather like a flower-pot in 
shape, is placed over the joint and filled 
with a mixture of powdered aluminium 
and oxide of iron. 

When the mixture is set alight by a 
special fuse, the oxygen in the oxide 
combines with the aluminium so fiercely 
that the iron is melted out and heated 
far above the melting-point of iron. 
The workman now presses down a lever, 
which makes a hole in the bottom of 
the crucible for the iron to run out 
through. The liquid iron not only fills 
the gap between the rails but melts 
their ends, so that when the Joint cools 
the two rails become one. 

Hundreds of experiments ^ve been 
made by metallurgists to discover wa}^ 
in which the desirable property of light- 
ness which distinguishes aluminium 
from most other metals could be 
combined with other properties such as 
high strength, toughness, and freedom 
from corrosion. The first important 




British Aluminium Co Bid 

A « BREAK ING-DOWN»» MIU 


The first stage of the flatteniug-out process, known as '* breaking- 
down/' IS done in this machine, which shows the hot rolling of strong 
alloy strip m a 96 in wi le " breaking-down " mill at the Falkirk 

Rolling Milb. 


discovery which was 
made was that if a 
small amount of 
copper and a still 
smadler amount of 
manganese were 
added to pure 
aluminium, the 
hardness and 
strength were con- 
siderably improved. 

It was also found 
that if this metal 
is heated and 
quenched and then 
left to “ age ” for 
some time, its 
properties improve 
very considerably. 

This metal is known 
as Duraiumm. 

Many other alu- 
minium alloys have 
been developed, and 
a method has also 
been perfected for 
producing Dural- 
umin sheet with 
pure aluminium on 
each side to protect 
it from corrosion. 

Thismaterial, which 
has been largely 
used for aircraft, 
is caUed “Alclad.” 

lighter than Aluminium 

A metal which weighs even less than 
aluminium is magnesium. Practically 
every schoolboy will remember the 
laboratory experiment with magnesium 
ribbon which can be set on fire to give 
a blinding white light accompani 1 by 
clouds of white smoke. Although 
magnesium is so readily inflammable 
when it is in the form of a ribbon or a 
very thin strip, it can be used quite 
safely when it is formed into the shapes 
and sizes required by engineers in 
the construction of aircraft and aircraft 
equipment. 

By mixing small quantities of other 


metals with it, e.g., aluminium and 
manganese, magnesium can be used for 
the production of alloys which have 
extreme lightness combined with reason- 
able strength. One of the best known 
of the aluminium-magnesium alloys is 
Magnaliuni. 

The problem of light-weight metals 
has become increasingly important in 
recent years. In the construction of 
aircraft and motor-cars its advantages 
are obvious, but the use of aluminium 
alloys is extending steadily in less likely 
directions. Towards the end of 1948, 
for instance, the first bascule bridge in 
the world to be made of aluminium 
alloy was opened in Sunderland. 


THE METAL OF SATURN-LEAD 



Photos h\ cour/<’43 of A'isociattd Lf id \fanufi turfr^ I td 

LEAD WORKS AND SHOT TOWFR AT CHESTER 


I^ad was one of the metals known to the ancients ami its uses manv I he SIiol Tower sten 
in this photograph of the lead works at Chesttr was tonstnuted about 1800 and is o\tr 156 fret 
high, and inside it is a spiral steel staircase having iq 8 steps fins tow< 1 is still m operation making 

shot to-day 


O NCE I had to examine the sea- 
bottom round the end of a pier. 
To do this it was necessary for 
me to get into a diving-dress, a costume 
which I had never had occasion to wear 
before. When it was on me, my feet 
were encased in boots with leaden soles, 
weighing about i6 pounds apiece. The 
last items of the outfit to be attached 
to me, as I stood on the ladder leading 
down into the water, were two flat 
plates of lead, eacli scaling 40 pounds, 
fixed one on my back and the other on 
my chest. 

“ Heavy as Lead ” 

At this stage I realised the full mean- 
ing of the expression, “ heavy as lead/* 
I felt almost crushed under the unusual 
load. But as soon as I was in the water, 
with the dress blown out by the air 
pumped in, I knew that every pound of 
it was needed to keep me on the bottom 
and reasonably steady on my legs. Had 


the weights slipped off, I should have 
bobbed up to the surface like a cork. 

Heaviness, then, is a very obvious 
quality of this metal, and one that 
makes it useful wherever a groat deal of 
weight has to be got into a small space 
at reasonable cost. Racing yachts, for 
example, carry many tons of it — any- 
thing up to 100 tons — in their deep keels 
to overcome the capsizing effect of their 
huge sails. We use leaden bullets and 
shot because, among other reasons, they 
travel farther than would bullets and 
shot made of a lighter metal, if dis- 
charged at the same speed. 

Lead is not, however, by any means 
the heaviest of metals. Let us just see 
where it stands in this respect among 
its fellows : A block of lead measuring 
a foot every way weighs jlo pounds, 
which is about eleven and half times the 
weight of the same bulk of water. One 
of zinc would scale 427 pounds, one of 
cast iron about 470 pounds, one of 
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VEINS OF GALENA 

This closo-up photograph of lead ore on top of 
A load(<l wagon shows the veins of galena, from 
which the lead is extracted, in the large stone 
before crushing 

copDer 547 pounds, and one of silver 
650 pounds. So lead has all of these 
metals well beaten as n^gaids weight. 
But it IS easily outweighed by quick- 
silver, with its 847 pounds to the cubic 
toot ; by gold, at 1,200 pounds : by 
platinum, at 1,260 pounds ; and by 
the very rare metal, iridium, which, 
when compiessed by hammering, weighs 
just twice as much as lead. 

Lead and its Uses 

Besides great weight- -which is not 
always an advantage — lead has other 
qualities which make it useful to us. 
It is easily melted and cast into any 
desired form. It is so soft that it can 
be readily rolled or moulded by beating 
while cold. It is acted upon hardly at 
all by air and water, and is wonderfully 
durable. You may .see to-day in the 
British Museum lead pipes and fittings 
used by the Romans 2,000 years ago, 
and still practically as good a. new." 

About million tons of lead are 
used up every year. Of this over 
500,000 tons a year are used in the 
manufacture of electrical accumulator 
plates, while about 300,000 tons are 
forced in a seini-molten state through 
dies to form pipes or in making electric 
cables. In addition, considerable quan- 
tities of lead are rolled out into sheets 
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for covering the flat parts of roofs and 
for lining tanks, while about 250 tons 
are used in red lead and litharge an'’ 
another 50,000 tons in white lead. 

Then there are the valuable alloys 
of lead, including pewter and solder, 
while a mixture of lead and antimony 
gives us type-metal, without which the 
printing industry could scarcely exist. 

Lead also plays a very important part 
in connection with our water supplies, 
for when water mains are laid the joints 
between the pipes are made w^ater-tight 
by hammering lead tightly into them. 
We have its help even when di inking 
water, since tumblers, like many other 
glass articles, contain a large proportion 
of lead —though it is quite invisible. 
Even our teacups and sauccis may have 
lead in them as lead forms part of some 
glazes used on chinaware and pottery. 
Lead was at one time used in making 
the popular tin " soldiers and many 
other toys, but other lighter mateiials, 
particularly plastics, are rnoie generally 
used to-day. 

It will be seen, however, that if some 
magician could by a wave of his hand 
banish all lead fiom the world wc should 
be in a sorry plight as water burst in or 



CONCENTRATING THE LEAD 

Much of the earthy material is separated during 
the crushing of the ore ; later, the lead is con- 
centrated by the flotation process which is seen 
in this photograph. 
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IN THE LAKE DISTRICT 

It is very probable that the Greenside Mine was first discovered m 
Roman times. Situated about a mile from Lake Ullswaler on the 
eastern slopes of the Helvellyn range, it is the oldest producing mine 
in the North of England. 


out upon us in all directions, electrical 
cables broke down, paint peeled off on 
every hand, and a number of other very 
unpleasant things happened. 

A Little Word-family 

The Latin word for lead, plumbum, 
is the father of several English words 
in common use. Two of them, " plumb ” 
and “ plummet,” signify a heavy weight 
(usually of lead) attached to the end of 
a cord to plumb, in the sense of find the 
depth of, water or deep holes. A sailor 
plumbs the sea when he takes soundings 
by ” heaving the lead.” A mason 
plumbs a wall when he tests its up- 
rightness by means of his plumb-bob. 
To plumb may, again, mean to work 
in lead. A man who does such work is 
called a plumber, and his work is 
plumbing. 

Then we have the word plumb as an 
adjective, meaning vertical. The famous 
Leaning Tower of Pisa, in Italy, is out 
of plumb — out of the perpendicular — 
by rather more than i6 feet. Plum- 
bago, also called blacklead, has crept 


into the family under 
false pretences ; for 
plumbago has nothing 
whatever to do with lead, 
being pure carbon. 

We have already men- 
tioned small-shot. Have 
you ever wondered how 
the pellets came to be as 
perfectly spherical as if 
each had been cast separ- 
ately in a tiny mould ? 
One cannot imagine shot- 
makers using moulds and 
making a profit. As a 
matter of fact, they let 
Nature do the moulding 
for them. 

Molten lead, mixed 
with a little antimony to 
make it more fluid, is 
poured through a sieve 
fixed at the top of a t.dl 
tower or old mine-shaft. 
The sieve is punched with 
holes as large across as the shot is to be. 
ITie lead flows through these, holes in 
many streams, which break up into 
clrops as they fall, and each drop has 
time to obey a law of Nature and be- 
come a sphere before, after travelling 
150 feet or 200 feet, it reaches a tank 
of cold water and hardens instantly. 

Now some of the pellets get knocked 
out of shape. They are sorted from 
the perfect shot in a simple but in- 
genious way. All the shot is sent down 
a sloping shoot. The perfect shot get 
up enough speed to leap over a gutter 
lurking at the bottom, while the badly- 
shaped ones, hobbling along at a slower 
gait, fail to do so, and are trapped. 

Where Lead Comes From 

* 

At one time British miners yielded 
over 70,000 tons of lead a ye>r, and a 
large army of miners was emfcloyed in 
the lead-mines of Derbyshire, North- 
umberland, Cumberland, Yorkshire, 
Somerset, the Isle of Man, and several 
places in Wales and Scotland. To-day 
the British output is not much more 
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than about 4,000 tons a year, but it is 
still carried on and by modern machi- 
nery. One of the largest lead mines in 
England is the Greenside Mine situated 
in the Lake District, about a mile from 
Lake Ullswater, on the eastern slopes 
of the Helvellyn mountain range. It is 
probable that this mine was discovered 
in the days of the Romans, though 
modern operations only date from the 
latter part of the eighteenth century. 
In the early days ore from the mine 
was conveyed for smelting to the 
neighbourhood of Keswick on the backs 
of horses. 

To-day the United States are the 
largest producers of lead and over one- 
quarter of the world's supply comes 
from them ; Mexico supplies 230,000 
tons, Australia 200,000 tons, and 
Canada 1*^0,000. No other country 
produces more than 100,000 tons and 
Spain’s output is 
now only about 
40,000 tons annually. 

The two chief lead 
ores are named 
galena and cerussite. 

The first of these, 
which is sulphide of 
lead, has a sparkling 
crystalline and 
silvery appearance. 

Small pieces of it 
were often used in 
the crystal detectors 
of early wireless sets. 

Cerussite, which is 
carbonate of lead, 
occurs as white or 
coloured crystals. 

The metal is ex- 
tracted from the ore 
by smelting in a fur- 
nace. 

Queer Beliefs about 
Lead 

Most lead contains 
more or less silver, 
which is separated 
from the lead if the 
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quantity present justifies the expense 
of doing so. The oldest of the several 
processes used is named cupellation. 
The lead is heated in a furnace and air 
is blown over it. The oxygen in the 
air joins forces with the lead and forms 
lead oxide, also called litharge. The 
silver refuses to combine and is left 
behind. The lead in the litharge can 
be recovered by mixing the substance 
with carbon and heating it, when the 
oxygen in it goes into partnership with 
the carbon as carbonic acid gas and 
parts company with the lead. 

In his '' Canterbury Tales," the old 
English poet, Chaucer, tells us that 
each of the seven metals then known 
was connected with one of the heavenly 
bodies. Gold belonged to the sun, silver 
to the moon, quicksilver to Mercury, 
iron to Mars, tin to Jupiter, copper to 
Venus, and lead to Saturn. 



WITH THE TAPPING GANG 

lore we have a view inside the Refining Shop at tho Associated I.ead 
lanufacturens' works at Millwall. showing the tapping gang at work as 
the molten lead runs into the moulds. 
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The last-named planet had a very 
bad reputation among astrologers, for 
Saturn was none other than old Father 
Time, who reaps away men's lives with 
his scythe. And lead was looked upon 
as the worst of metals, because many 
compounds of it are very poisonous to 
man, beast and vegetation. So, in 
the sharing out of metals, Saturn 
very properly was made a present of 
lead. 

The old alchemists taught that lead, 
like all other solid metals, was deiived 
from quicksilver and sulphur. They 
hoped that, by purifying the mixture, 
they would change the '' base " metals, 
of which lead is one, into the noble ” 
metal gold. In their hunt for a short 
cut to wealth they used up great quan- 
tities of lead ; and it is not surprising 
that, instead of adding to their riches, 
many of them had to part with such 
gold as they already possessed. 

Lead, however, has figured in history 
both for its harmful as well as its many 
useful properties. It is mentioned in 





the Old Testament in Numbers and in 
Job, and it constituted part of the 
spoils which the Israelites took from 
the Midianites. The Romans, as we 
have seen, worked lead mines in Eng- 
land, and the archaeologists have found 
some fine examples of the lead work of 
early Saxon times. 

On the dark side is the danger of 
lead-poisoning which was at one time 
a serious threat to w^orkeis in industries 
where the metal is used Workers in 
the Potteries employ lead glaze, while 
painters, plumbers, pi inters and others 
have suffered unpleasant consequences 
owing to minute doses of lead being 
absorbed over a long period. Among 
the ill-effccts was a kind of paralysis 
which attacked the nerves of the arm 
and produceil a condiiion known as 
wrist-drop." 

Preventive measures arc now taken 
to protect workers liable to be atfected ; 
these include the w^earing of overalls, 
and, where necessary, respiratojs ; 
baths are provided and employers 
must .see that they aie 
used by the woi kers 
where it is considered 
necessary ; frequent 
medical examinations 
ate made, and acid 
drinks are provided : 
these tend to remove 
any lead from the 
system. 

In such ways the ill- 
effects of lead among 
those who use it have 
been greatly dimin- 
ished ; among the many 
wonders science has 
wrought in recent years 
it m^y be assumed that 
the elimina^on of lead- 
poisoning afnong those 
who work with it will 
be recorded in due time. 


IN THE SHEET ROLLING MILL 

T-ead, being very malleable, U easily rolled into sheets after first 
being cast into cakes about 5 feet squ.'ire. This shows the sheet 
rollmg mill in operation at the MtJlwall works. 


Lead is far too valuable 
a metal to be allowed 
to retain its reputation 
for evil. 





A Oreat Discovery 
and its 

AAany D evefopments 



HOW ELECTRIC CURRENT FLOWS 


drawn for thxs wmk. 


These boys reprasent the atoms of a conductor through which a current is passing, and the 
oranges that they are handing to one another stand for electrons being transferred from atom 
to atom The atoms themselves do not travel as wholes. 


ELECTRICITY AND ITS USES 

T he Greek poet Homer tells us of another has been built up, and then, 
an " old man of the sea ” named hey presto ! it has had to take another 
Proteus, who looked after the seals shape, and previous ideas about elec- 
which made up the flocks of Poseidon, tricity are all upset, 
king of the oceans. He had the power 

of prophecy, and would teU the future Electrons — What arc they ? 
of anyone who could hold him fast. The present view held by learned men 
This was very difficult to do, for he about electricity is that all matter is 
changed into one shape after another, electricitj- Rather a shock, is it not, 
and proved himself a " very slippery to have to look on oneself as all elec- 
customer.” tricity, which one had before thought 

Electricity is rather like Proteus. It to be confined to wires, batteries, 
is very difficult to keep hold of. If you motors, and things of that kind ? 
are not very careful it will wriggle out Still, one has to respect this view of 
of your grasp, often without making wiser people. Let us examine it a 
any sign of how it does so, and you little Matter is made up of atoms, 
are left wondering where it has gone, it is said. It is also explained that 
Even its very nature has puzzled men every atom is a group of particles of 
for a long time past. One theory after positive and negative electricity. The 

*39 
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negative particles are called electrons, 
so this theory of matter is known as the 
electron theory. 

Eacli atom may be comp>ared to a 
core of paired-off positive and negative 
particles, with one or more rather 
loosely attached electrons revolving 
round it, as the planets revolve round 
the sun. The atoms of iron, gold, quick- 
silver, carbon, and the other elements 
differ only in the number and arrange- 
ment of electric particles they contain. 
As our bodies are made up of elements 
mixed together, it follows that — if the 
theory be correct — ^we are in effect 
electricity. 

Boyt, Oranges and Electricity 

We have mentioned this new' theory 
about matter only because it helps to 
explain m an understandable way what 
we speak of as an electrical current. 

Imagine a number of boys arranged 
in a ring, each holding an orange in his 
hand. A boy represents an atom, and 
an orange represents one of those 


electrons which is not very closely 
bound to its atom. At a given signal 
every boy passes his orange to his 
right-hand neighbour and takes that 
of his left-hand neighbour. Each boy- 
atom still has an orange, but there has 
been a movement of oranges, and if the 
signal be repeated again and again the 
oranges will circulate right round the 
ring. 

From Atom to Atom 

When a current passes through a 
wire, then, we must regard it as a 
passing-on of electrons from atom to 
atom of the material of which the 
wire is made. A big current means 
that electrons are being passed in large 
numbers ; a weak current that the 
exchange is limited. 

Now an electric current docs not flow 
without a reason. Let us see if we can 
find this reason : Going back to our 
ring of boys, let us suppose that the 
ring is broken at one point and that 
the passing continues in one direction. 



SpecMlly drawn fi*r this work 

WHEN ELECTRIC CURRENT CEASES 


The circuit has here been broken The two-orange boys are the part of a circuit into which 
electrons are being pumped from the other part, the no-orange bojrs. Immediately the circuit 
IS completed again there will be a flow from the over-clectroned “ negative *' side to the under- 
clectroned “ positive " side, and the passing along will be re-established 



ELECTRICITY AND ITS USES 


141 


until half of the boys have two 
oranges apiece, and the other 
half none. The two-orange 
boys now separate from the 
no-orange boys. If things were 
left in this condition there 
would be dissatisfaction. The 
boys without any oranges 
would feel that they were 
owed one apiece by the two- 
orangcrs ; and the last, being 
nice boys, would be quite 
willing to give them up. Every- 
thing is ready for a flow of 
oranges when the ring is re- 
formed. 

In like manner an electric 
current is due to there being 
atoms in one place with elec- 
trons t > «?pare (these are called 
negative'* atoms), and in 
another place positive *' or 
electron-hungry atoms which 
are short of electrons The 
cuirent is merely a distribu- 



SpUMlty Jritwn fjrthts work, 

A SIMPLE EXPERIMENT 


Rub ^ glass or eboruto rod with a silk handkerchjel 
and hold it near sraall fragments of tissue paper. 
Tins IS what will happen 


tion of electrons until matters are Electrified by Friction 


evened up. 


Wlience does electricity get its 


name ? From the Greek worn 



eleklron, meaning amber. More 
than 2,000 years ago the 
^rreeks had noticed that if a 
piece of amber were rubbed it 
became able to attract small, 
light bodies. For a long time 
people took little interest in 
the fact, but when it became 
an object of serious study this 
peculiar power was called elec- 
tricity. 

We know now that all bodies 
may be electrified by friction. 
If one rubs a fountain pen 
against the sleeve it will pick 
up small fragments of paper. 
Some kinds of cloth become 
electrified if brushed, and 




SftcMily drawn far tht t*'ork 


THE DANCING PUPPETS 

Or place a sheet of glabb thus over tissue pai>er 
puppets, and rub it well Here again, the thing 
lubbed attracts light, loose objects, to make good a 
shortage of electrons 


attract dust in an amazing 
manner ; and the paper run- 
ning through a printing press 
at high speed is apt to give 
trouble by its highly electrified 
condition. 
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A Simple Experiment 

Tear up a piece of tissue paper into 
small bits and lay them on the table. 
To right and left of them place a thin 
book, and bridge the gap with a sheet 
of glass If the glass be now tubbed 
with a silk handkerchief the bits of 
paper will jump up from the table and 
cling to Its under side, some hanging on 
for a long time 

In an earlier paragraph we spoke of 
electrons as paits of atoms When the 
glass is tubbed, some of the looser 
electrons m it are picked up by the silk, 
leaving the glass rather short of elec- 


trons The glass therefore attracts the 
bits of paper to extract electrons fiom 
them. As soon as they have given some 
up, and are no richer '' than the 
glass, they fall off again. 

The Wonders of the Wimshurst Machine 

One can steal electrons, as it were, 
without actual rubbing. Perhaps you 
have seen an apparatus called a 
Wimshuist machine. The chief parts 
of It are two flat circulai glass plates 
I evolving close to each other in oppo- 
site directions, and two Leyden jais. 
The last are glass jars covered part 
way up, both inside and 
1 outside, with tinfoil A 



specially drawn for thi, work 

A JAR FOR ELECTRONS 

This picture shows a complete Leyden jar on the left, and ^he 
insulated centre-rod separately on the right The chain makes 
connection between the rod <ind the inside lining of tinfoil, 
which IS completely insulated from the outside coating of foil 
bv the glass of the jar 


rod passes through the 
centre of a stoppei of 
insulating material in 
the mouth of each jar, 
and a chain hanging 
from its bottom did 
touches the inner tin- 
foil. 

Stealing the Electrons 

The action of the 
spinning glass plates is 
to steal electrons from 
one jar and store them 
up in the other. If two 
knobs, connected with 
the jars, are brought 
close together, the elec- 
tron-hunger of the 
robbed jar becomes too 
great to be borne, and 
there is a discharge of 
electrons to it from the 
other jar tlirough the 
air, accompanied by a 
loud crackling noise 
and brilliant $ash. This 
flash is really a succes- 
sion of sparlls, for the 
first discharge over-does 
matters, maikmg the 
hungry jar over- 
charged ; and many 
jumps to and fro may 
take place before the 





^ ^ ^ rr jir b 

similar glass discs 
-B, Mounted on same Spindle. 

C, crossed to make disc revolve tn opposite ^ 

^,15, Diametral conductors . — direction 

BxB, Tinsel brushes . 

T, Tl'rt^ii 

<5»^, Combs . . 

J,J, Leyden Jos'S, L, Hand2« . 


Specially droit n for tkts work 

This IS a Wimshurbt machine H the knobs HH be separated and the handle L be turned, the 
effect of the machine is to steal electrons from the inner lining of one l-e>den Jar J. and transfei 
them to the lining of the other till oiu is highly negative and the other highly positive On 
HH being brought close together again, a crackling spark discharge takes place between them, 
while the electrical balance is being restored in the jars 





ARTIFiaAL AND NATURAL LIGHTNING 










.. of the spherical electrodes seen on the opposite page. They 

In this picture we get a .fical^discharges take place in the course of expiffiments 

are the terminals between which dw ^ judged Dy comparing them with the man 

with very high tension currents. Th«^„X “eLl^der^ 
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balance is restored. But as the whole 
operation occupies perhaps only a 
millionth of a second, one seems to see 
but a single spark during a discharge. 
Some Wimshurst machines have 
many pairs of plates, and are what may 
be called electron-pumps of great power. 
When they are in action they produce 
streams of sparks a foot or more long, 
and a deafening noise A spark from 
one of these monsters would have very 
seiious, if not fatal, effects on any living 
creature. 

Nature’i Fireworkt 

But Nature, as a spark-producer, 
puts all human inventions completely 


into the shade. If during a thunder- 
storm two clouds, one overcharged 
and the other undercharged with 
electrons, come near each other, 
theie IS a terrific exchange between 
them, seen as a flash of lightning, and 
foUowed by a clap of thunder. Some- 
times the discharge takes place between 
a cloud and the earth ; and a steeple, 
house, or tree through which the current 
flows may be destroyed Lightning 
sparks are to be measured not in 
inches or feet, but in hundreds of 
yards. 

The Mysterious Stone 

Probably 1,000 years at least before 
the Greeks noticed the peculiar 
behaviour of rubbed amber, the 
Chinese, who were advanced in 
science while Britons were still 
savages, made the discovery 
that a certain kind of stone had 
the property of attracting iron, 
and that a splinter of it, floated 
on water, turned north and 
south. In other words, they 
had discovered natural mag- 
netism and the mariner’s com- 
pass. 

The " stone ” in question is a 
kind of iron ore called mag- 
netite by us, and lodestone, that 
is, “ leading-stone,” by our 
ancestors. Long ago it was 
mined at a place named Mag- 
nesia, in Thessaly, and so it 
came about that a steel needle 
or bar which has been given the 
properties of lodestone by being 
rubbed against it, or in some 
other way, is known as a 
magnet. 

A magnet does nqt give out 
electricity, but, as w(e shall see, 
it has a very impoirtant con- 
nection with it. ' 

Fountains of Electricity 
Electricity producfed by lub- 
bing is of little practical use, 
being very unmanageable, and 



FIREWORKS ROUND AN INSUJJ^TOR 

An enormous electrical pressure was needed to 
cause this discharge between points at the top and 
bottom of this many-storied insulator, which is 
under test 





The groat machines used in power stations to supply us with electricity are the result of dis- 
coveries made, rather more than a hundred years ago, by Michael Faraday in connection with 
magneto-electric induction. This term means the creation of current in a circuit by moving part 
of it through a magnetic field, or by moving a magnetic field through it. Our artist here explains, 
by a series of sketches, Faraday’s famous experiments and the development of the dynamo. 
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escaping in a moment if given the 
chance. Not till about the year 1800 
was a way found of producing a steady 
electric current, by means of what we 
call an electric cell. This has two 
different substances — one usually car- 
bon and the other zinc — standing in 
a fluid which causes electrons to collect 
round one much more than round the 
other. If the two substances are joined 
by a wire, there is a steady flow of 
electrons through the wire until the 
energy of the cell is exhausted. 

By Chemical Means 

For a very long time this method 
— the chemical method — of pro- 
ducing currents was the only one 
with which electricians had to work. 
The electric cell is still very useful 
for many purposes requiring only a 
small current, as for working tele- 
graphs, telephones and electric bells. 


But it would be ruinously expen- 
sive to apply it to tasks which used 
very strong currents. 

Electricity has to-day become a 
giant which moves our trams, trolley- 
buses and electric trains, lights our 
houses, cooks for us, keeps millions of 
machines running, pumps water from 
mines, smelts metals, and does other 
jobs too numerous to mention. 

We could never have obtained suffi- 
cient power to do all these things just 
by using electric batteries. The use of 
electricity on the present-day scale 
only became possible when men had 
discovered how to build electric genera- 
tors. The story of this advance is 
closely bound up with the discovery 
of the electro-magnet. Indeed, the 
history of electricity is, like so many 
modem wonders, a story of one dis- 
covery linking up with another and 
leading to a big advance. 



ELECTRIC LIGHTING OF KINGSWAY, LONDON 


Electricity was kaown and studied for many years before methods of using it for limiting were 
discovered. The arc lamps came first, then the filament lamps were demonstrated oy Swan in 
1878 and Edison in 1879. Other advances have been made since then and our modem street 
lighting has become almost comparable with daylight, as shown by the above photograph taken 

at night in l^ndon. 


THE ROAMNCE OF THE MAGNET 



( opyrigkt, \^ell mie U\ tor teal Medical Mu\eun‘ 

A QUEEN AND THE MAGNET 


Willi im Gilbert court physicnn to Queen Elizabeth w is the first Englishman to take a stientifn 
interest in electricity He put forward the theory since provefi correct tb it the earth itself 
18 a huge nngnet The artist has here represented him demonstrating the propertus of the 

magnet to his royal mistress 


T here lived in Woolwich, about 
100 years ago, a shoemaker named 
Sturgeon liecomingtiredof stitch- 
ing shoes, he joined the Royal (jarrison 
Artillery. In his spare time he amused 
himself with little experiments in elec- 
tricity, and one day he tried the effect 
of passing an electric curient through 
an insulated wire wrapped lound and 
round an iron bar. To his great 
astonishment and delight, the bar now 
behaved just like an ordinary toy 
permanent " magnet, clinging lo any 
iron or steel object brought near it. 
This discovery raised the humble ex- 
shoemaker at a bound from obscurity 
to fame as the inventor of the electro- 
magnet. 

The Magnetic Poker 

You can easily copy Sturgeon's 
famous experiment for yourself All 


you need is an iron poker — all in on< 
piece -a few yards of bell-wire, and 
a pocket flash-lamp battery. (Do not 
be tempted to use an accumulator, 
if you have one, as you would pro- 
bably ruin it ) Wind most of the wire 
round the poker near the tip and 
connect its ends to the battery You 
will then have converted the poker into 
an electro-magnet which wiU pick up 
needles, screws and other small iron and 
steel objects. 

The electro-magnet is so useful to us 
because it remains magnetised only so 
long as current passes through it. It 
can be made to take hold or let go at 
will. Immediately the current is cut 
off, its core becomes — well, just a piece 
of iron. 

We shall deal with some of the 
applications of the electro-magnet a 
little later, but for the moment we are 


LINES OF FORCE- 






The space surrotinding the poles of a magnet, throughout which the magnet s influence is felt. 
IS called a magnetic field. Two magnets hav’c hero been laid on white pap<ir with " unlike " 
poles close together, and iron dust has been scattered about. The dust arranges itself on 
curves running from one pole to the other. 




PMoa: L.E.A. 


The magnetic curves are called lines of force. In this second experiment the magnets present 
'* like " poles to each other. The positions taisen up by the dust show that lines of force no 
longer span the gap. those of one magnet repelling those of the other. 








Here we aro conrerned w'lth ono magnet only. The lines of fojte are clearly visible at each 
pole, 'riui <lust lies along incomplete curves, each lelated to a curve at the otlier end of the 
magnet. The magnetic field weakens so quickly with increasing distance from the poles that 
the dust cannot show in full the lines running from pole to pole. 



The horseshoe magnet, with its poles close together, concentrates its lield, and. as the iron dust 
reveals the lines of force are vigorous. A metal ring moved to cut the lines of a magnetic held 
has a current induced in it. and to this fact we owe our ability to generate current wjtU d 

dynamo. 
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following the story of the electric 
generator. Soon after Sturgeon had 
discovered the electro-magnet the great 
Michael Faraday discovered, in 1831, 
a fact of the utmost importance to 
mankind. Experimenting in his labora- 
tory one day he found that if he moved 
a loop of wire up and down close to 
the poles of a magnet, a current 
flowed through the wire. The effect 
was much greater if a coil of wire 
were used instead of a loop. By 
studying the picture shown on p. 147 
you wiU be able to see the steps by 



IgramcCo. Ud 


A GIANT ELECTRO-MAGNET 

In big engineering works electro-magnets are 
widely used as no special hfting-hooks and 
slings are required. The electro-magnet seen 
above is lifting two coils of sheet steel weighing 
nearly 3 tons. 


which inventors, using the discovery 
of Michael Faraday, have given us the 
machine called the dynamo, or electric 
generator. Great coils are made to re- 
volve, by steam power or water power, 
between huge electro-magnets, and 
pour electricity into conductors, as the 
pumps at a city’s waterworks pump 
water into the mains. Almost every 
year sees larger generators brought 
into use, and over 60,000 horse-power 
may now be drawn from a single 
machine. 

How Electricity ia Stored 

When electrical engineers had dis- 
covered electric generators which would 
produce very large quantities of elec- 
tricity they began to look round for 
some means by which they could store 
some of the electricity so that it would 
be ready for use whenever the generator 
had to be shut down for repairs or 
periodical cleaning In 1859, a French- 
man called Gaston Plants discovered 
that if two sheets of lead were placed 
in a jar containing fairly strong sul- 
phuric acid, the cell so formed had the 
property of storing electrical energy 
If a battery of these cells has current 
passed through it from a d5mamo 
the electricity is " stored " in the cells 
and will remain there for several 
weeks ready for use whenever it is 
required. 

Later on, the famous inventor, 
Edison, experimenting in America, 
discovered another type of storage 
battery. Instead of lead plates im- 
mersed in sulphuric acid, Edison used 
one plate of nickel and one plate of 
iron in a solution of caustic potash. 

To-day, electric accumul^ftors, or 
storage batteries, are used fo| a great 
variety of purposes. Every ipotor car 
is provided with a storage ^ battery, 
submarines run entirely on their storage 
batteries, and hundreds of delivery 
vans ust electric motors driven from 
storage batteries as their motive 
power. 

Small electro-magnets are used in 


MAGNETISM IN THE HOSPITAL 



A surgeon is here seen extracting a steel splinter from a patient’s eye with the aid of a specially- 
designed electro-magnet. Current passing through coils inside the circular case sets up an intent 
magnetic field, which converts the iron bar held by the surgeon into a very powerful magnet. 
In most instances the magnet performs its wonderful work quite painlessly. 
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many electrical instruments, including 
telegraphic apparatus. We will not 
linger over these, but pass on to mag- 
nets designed to exert a very strong pull. 

We find such magnets in the mag- 
netic brakes of a tramcar. If the 
driver wishes to pull up suddenly, he 
moves a small lever, and magnets 
hanging just clear of the rails at once 
grip the rails with such force that the 
car can be brought up “ all standing.’* 
Many pedestrians crossing our streets 
have owed their lives to these brakes. 

Giant Magnets 

But if you wish to see the electro- 
magnet at Its best, you should visit a 
steelworks or shipyard where such mag- 
nets are used for handling masses or 
large plates of steel and iron. In one 
place you may find a magnet hanging 
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from a crane, with a huge iron ball, 
weighing 15 or more tons, sticking to 
it. The craneman touches a switch, 
and, crash ! the ball falls on to a heap 
of scrap ” cast iron below, smashing 
it into pieces of a size suitable foi 
smelling. Presently the crane lays the 
ball aside and lowers the magnet on to 
the pile of broken metal. It picks up 
a ton or so of pieces, swings r ound, and, 
in obedience to the switch, drops its 
load into a railway waggon 

This job finished, the crane moves off 
to deal with a pile of 5-ton iron bars, 
which it raises and places where wanted 
with the greatest case. Or peihaps it 
may be needed to unload a cargo of 
pig iron from a ship. The magnet and 
craneman between them will do in an 
hour as much of this work iis sixty 
men using their hands. 



specially drav<ft /dr th\s work 

AN ELFCTRO-MAGNETIC SEPARATOR 


Material containing odds and ends of iron and steel is here passing over an electro-magnetic 
separator, which takes the place of a pulley. Magnetic attraction makes the intruders stick lo 
the belt, while the other material falls clear, and they are carried on underneath to a point 
where the magnetic pull becomes too weak to hold them up. Among other things, wheat is 
cleared of steel and iron objects in this manner 


THE ROMANCE OF THE MAGNET 



relieved of the chip, which, if 
left in place, might cause great 
pain, as the splinter might have 
led to blindness. Even to-day 
many ex-soldiers of various 
battlefields have pieces of 
shrapnel shell in their bodies, 
and such splinters may in many 
instances be extracted bj 
electro-magnet. 

In these and several ether 
ways, such as recovering iron 
or steel from the bottom of a 
river, removing bits of iron from 
wheat before it goes to the 
grinding rolls, or separating 
nails and screws from workshop 
mbbish, the electro-magnet is 
a very useful servant. 


COIL AND MAGNET 

Here we see a coil of wire, the two 
ends of which dip into small cups 
containing mercury. A permanent 
magnet held near the coil fails to 
attract it — 


Magnets as Surgeons 

We now change the scene to 
a room in a hospital containing 
a very powerful electro-magnet 
with a projecting iron core 
tapering to a point. Two work- 
men from an engineering works 
near by come in. One has a 
splinter of steel in his eye, the 
other a chip of steel embedded 
in the back of his hand. 

A surgeon brings the eye of 
the first patient close to the tip 
of the magnet and switches on 
the current. In a moment the 
magnet’s force draws out the 
splinter painlessly. The other 
man is with equal quickness 



Now the tapping key has been closed so that ciiiTcnt 
IS lloAvmg through the coil which swings louiid so that 
one end laces the magnet pole. ' The current has 
made the coil into a magnet. Upon this simple fact 
depend all the electric generators and electro- magnets 
in use to-day. 
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The Friendly and Unfriendly Magneta 

Magnetise five sewing needles hold- 
ing them together by the points and 
drawing the north pole of a per- 
manent magnet several times along 
them towards the eye. The magnet 
must be brought back through the 
air after each stroke, not rubbed up 
and down. 

Five more needles are treated in the 
same way with the south pole of the 
magnet. 

Next cut ten thin discs out of a wine 
cork and stick the needles through their 
centres. Stain the discs of the north- 
pole needles red to distinguish them, 
and dip needles and disc into thin 
varnish and dry them. 

Drop the north-pole needles into a 
basin of water, eyes upwards. They at 
once separate, and nothing can persuade 
them to remain together. Then drop 
in the south-pole magnets, also eye 
upwards. They will at once take 
n' rth-pole partners, for " like poles 
repel, unlike poles attract, one another.” 


There are other interesting expm- 
ments of this kind, as weU as practical 
examples of the magnet’s power. If 
your front door bell is of the electric 
kind, you have probably wondered what 
makes it ring. Here again the electric 
magnet produces the result. The wires 
from the bell-push (which is only a 
simple device for completing the circuit) 
go to the bell and the battery. When 
the bell-push is pressed, the circuit 
IS completed and current flows 
through the coils of a horse-shoe 
electric magnet. 

The magnet thus attracts the strip of 
metal supporting the hammer, so caus- 
ing the bell to be struck. This metal 
strip is attached to a spring facing the 
poles of the magnet, and this spring 
pulls the strip away from a metal 
screw in the direct path of the circuit, 
thus causing an intermittent flow of 
current. The hammer thus moves 
rapidly off and on the surface of the 
bell giving the familiar ring that we 
all know. 







\Bafimar t Ut 

PLASTIC SURGERY IN AN ENGINEERING WORKS ' 

The use of electricity m industry has increased enormously in recent years Here we see an electric 
welder acting as a plastic surgeon in building up worn or damaged parts of an engine crankshaft 
by using a welding electrode to deposit a new skin of metal. When the worn part lias been built 
up the shaft can be turned or ground to the correct size. Without this electrical snrger>' the shaft 
would have to be scrapped and a new one provided 




HEAT AND LIGHT FROM ELECTRICITy 



SUNSHINE LIGHTING IN THE DRAWING-OFFICE 


Gttterul T Uiltu ( o , I td 


The lii'stfjry of human efforts to conquer darkness by means of artiffcMl lighting showed remarkably 
little progress between -2.500 d c and a d 1800. Then from the age-old oil lamps and candles came 
the change to gas and later to electricity An example of modern fluorescent lighting in the drawing- 
office of an engineering works is seen in the photograph above. 


A LUMP of coal has in it a certain 
amount of energy, that is, the 
power of doing work of a pai- 
ticular kind, though it does not look as 
if it liad. But burn it, and its energy 
IS set free 

The energy at once takes another 
form™ that of heat. The heat may be 
used to raise steam. The steam, say, 
works an engine, a large part of its 
heat being used to turn the shaft of 
the engine and its flywheel. Some 
heat is thus changed into a third form 
of energy, the eneigy of mechanical 
motion. Nor need the changing cease 
here ; for, if the engine be set to drive 
a dynamo, its mechanical energy is 
converted into electrical energy. This 
in turn may produce a fifth form of 
energy, that which we call light. 

Many Kinds of Energy 

So we can have a whole string of 
changes ; chemical energy into heat 
energy, into motion energy, into elec- 
trical energy, into light energy. 

The changes need not always follow 


this order. Motion energy, for example, 
can be turned into heat. Rub a pencil 
hard with your handkerchief, and place 
it agiiinst your cheek. It will feel 
warm. Your effort as a machine has 
produced heat. 

No.^, though one kind of energy may 
be turned into another, there is suie 
to be some wastage m the form of heat, 
which always makes its appearance 
when resistance has to be overcome. 
Part of the work of the engine is 
squandered as the heat of fiiction at 
the bearings and other rubbing parts. 
Then the change into electricity at the 
dynamo cannot take place without the 
heating-up of the magnets : more waste 
as heat. And when the electricity is 
sent through a conductor, some of its 
energy is again changed into heat by 
the resistance of the conductor to its 
passage. 

This last wastage, though a nuisance 
in some ways, is useful in others. It 
may be encouraged and turned to 
account. If at any point the conductor 
be made smaller, or a special kind of 
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wiie be used instead of copper wire, 
the resistance — and the heat as well — 
will there become greater. 

Progress in Lighting 

When your grandfather went to 
school the class-rooms were probably 
illuminated by gas passing through 
what was called a fish-tail burner. The 
naked flame, yellow on the outside 
but with a dark centre, assumed the 
shape of a fish-tail and flickered a 
good deal. This was improved when 
the incandescent mantle was fitted. 

You, in your days at school classes 
in dull weather and after dark, will 
have the benefit of electric light 
coming to you through a vacuum 
bulb containing metal filaments. Even 
this is now being improved upon . 
many schools and other places where 
a good light is of the first importance, 
are being equipped with fluoiescent 
lighting, the nearest approach to day- 


light and noon-day sun we have so 
far reached. 

Fluorescent is perhaps not a very 
happy choice of a word It conies from 
fluor, the name of a mineral ; and 
fluorescence is strange, blue rays given 
out from certain substances when sun- 
shine reaches them. In a fluoiescent 
light the mateiial used is placed inside 
a long glass tube so that it glow's and 
sends forth steady ladiancc when it is 
excited by an electrical cuiTent, though 
the tube itself contains no continuous 
wires. 

Actually, the material chosen is a 
chemical powder obtained from a 
curious earth called Willemite found on 
the continent of Euiope Iheie is a 
lange of these powders, each of whicli 
gives a different shade of light , but, 
by a careful mixture, the light neaiest 
to sunrays can be produced On the 
other hand, with varying mixtiin's, 
the deepest reds or blues, such as aie 





General 1 lectr^ ( 0 , Ltd 

I HE PARI THAT DRIVES 


This IS the rotor or levolving and diiving part of an alternating current ‘ induction '* motor 
The drum C is built up from a large number of steel stampings clamped side by side and slotted 
right across to take the coils 13 of the rotor tvmdiiig The fan D forces cooling air through the 
rotor . and the slip-rings A connect the rotor thiough brushes with devices used in starting 

and varying speed. 
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General hUctnc Co, Ltd, 

FHE PART THAT STANDS STILL 


'1 he rotor turns iiishIc a stationary pa't the stator, arui^'eof B is the frame, and A the box 
through winch < oiiiiection is made with the electricity s. pply. Us winding C— the primary 
winding of the uiutor — is Indil in slots in ste^l stampings D Ihe statoi wunding is not connecte<l 
in any wa> witli tlie rotor winding Current creates a ' revolving hold in the stator, and the 
rotor liciives its driving force from c inpulsion to chase this. 


needed in advcitiising signs, are obtain- 
able. 

Wireless Electricity 

It may be said that this new 
fluorescent system is related to Neon 
lighting, in which electrical current is 
discharged through a gas or vl- i our, 
whilst the wireless valve has also con- 
tributed to its discovery. We shall 
understand the matter far better, 
however, if we visit a factory where 
fluorescent fitments are manufactured 
and so see some of the processes for 
ourselves. 

Let us imagine we have just arrived 
at such a factory. At the starting 


point of our toui we shall see first of all 
large nuinbeis of tubes of thick, clear 
glass ij inches in diameter and 5 feet 
in length. We learn that these tubes 
begin in a cauldron of molten glass from 
vhich they are drawn through the 
nozzle of a machine like lead piping and 
in unbroken lengths. When the glass 
has cooled it is cut up just as required 
for the lamp tubes, save that a little 
bit extra is allowed for the finishing 
process. In weight, each of the tubes 
would turn the scale at about i lb. 

When we arrive an operative is test- 
ing these tubes and smoothing off the 
ends before washing them in running 
hot water to remove dust, and standing 
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them on their ends to drain. Mean- 
while, we are shown some of the 
fluorescent powder, exactly as it has 
been ground in the mills, and we wonder 
how such a fine flour-hke substance can 
ever be spread evenly round the inside 
of a glass tube. 

In the next department, however, we 
see some of the tubes upright in a 
machine, their tops closed in and their 
bases fitting tightly over what is best 
described as a bung, or valve. Soon, 
under the force of compressed air, a 
creamy solution comes surging up the 
tube, to flow back again when power is 
cut off and we observe that the whole 
interior of the tube has been coated as 
though with a brush. As for the solu- 


tion, it has contained the powder, 
mixed with resin and spirit, the former 
being the carrier and the latter the 
solvent, to help in getting rid of the 
resin. 

With Collector Plate* 

We realise at once that only the 
powder is wanted and are interested to 
see carrier and solvent removed in a 
gas-heated appliance, the next step 
being to fit a coiled filament electrode 
at each end of the tube, both electrodes 
having collector plates though they are 
not connected through the tube by 
wires. It IS of the utmost interest, too, 
to watch some of the other processes, 
such as the closing, shaping and anneal- 
ing of the ends of the 
tubes ; the insertion at 
low pressure of a very 
small quantity of the 
gas argon to stait the 
electrical discharge ; and 
of a " blob ” of mercury 
to help in producing 
ultra-violet raya. The 
air has also to be ex- 
hausted to form a com- 
plete vacuum. 

Metal caps have next 
to be fitted at each end 
and a thorough test 
made before the finished 
article goes on to the 
packing room. Even 
this work calls for in- 
genuity, each tube being 
protected in a sleeve of 
corrugated cardboard 
before it is placed in its 
box. 

What happetis when 
the tube is fit^ to an 
electrical circuit and the 
current switched on 
must next be ^plained. 
First of all, the wires of 
the electrodes are 
coated with a material 
which emits electrons 
freely directly it is 



BrUxsk Tkottwm-Hou$tcn Co , Ltd 
MAKING ELECTRIC LAMP BULBS 


Until fairly recent years electric light bulbs were hand blown, but 
to-day they are made automatically on complicated Westlake 
machines turning out up to too.ooo bulbs in 24 hours A human 
hair is half as thick again as the o ooi6-mch thick filament wire of 
a loo-watt lamp, and not more than 2| per cent variation is 
allowed 
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ELECTRONIC HEATER FOR PLASTICS 

Electronic heating is p.irticul.irly suitable for wanning certain 
nuiterials thoroughly and rapidly In this photograph we see an 
operator placing pellets of moulding powder called “ preforms 
for use HI the mamifacturo of plastics between two metal plates 
connec<^ d with a radio valve cir jiit, generating very high frequency 
oscillations. Ihis method distnbutes the heat very quickly and 
evenly throughout the material. 


HEAT AND 

heated. Thus, in about 
two seconds the elec- 
trodes are a cherry red 
and the ultra-violet rays 
cause the fluorescent 
powder near the ends of 
the tubes to glow, and 
finally to light up over 
their entire surface as 
busy elections jump 
from one clectrcxie to 
the other. 

The oidinaiy electric 
liglit supply IS used for 
lluoiescent tubes, leads 
being taken to each end 
of the lamp. Switching 
on in the usual way, 
there is within the 
mechanism a starter 
device with a small 
healer coil which cuts 
out when sufficient 
warmth has been con- 
veyed to the electrodes, 
riieie IS also a choke 
because, though the 
lamp takes all the avail- 
able current to begin 
with, less voltage is re- 
quired directly the lamp 
warms up to its full 
lighting capacity. To 
allow for this, the choke 
automatically reduces 
the flow of electricity 
directly the electrodes 
are functioning freely. 

The Secret of the Process 

The secret of the whole 
process is ultra-violet 
rays coming from the 
electrodes. They are not 
visible to us, but it is 
they that excite the powder and cause 
it to give out light. In the factory 
we have watched many fascinating 
features in the routine, such as the 
spot-welding of the cathode assem- 
bly, the insertion of the argon gas 
through tiny glass tubes, the soldering 


of the terminals, and others too tech- 
nical for description here. Now we can 
see the results in the test frame and 
learn that an 8o-watt tube produces as 
much light as a 2 ob-watt lamp made 
with filaments, so that about one- third 
of the el(‘ctricity gives a comparable 
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amount of illumination. Though the 
fittings are more expensive to begin 
with, fewer of them are needed to 
obtain the same result and their life 
is longer than that of ordinary lamps. 

The schoolroom is an obvious place 
where the most efficient lighting is 
essential and I daresay you can think 
of many others. There is the drawing 
office, for example, the bench at which 
diamonds are being cut, hospitals, the 
printing works and all such places 
where people have to depend upon 
their sight and concentration. In a 
drapery store the natural white light 
of these tubes enables every object to 
been seen in its true colours and it is 
important to remember that fluorescent 
lighting when properly installed does 
not throw shadows. 

Generally speaking, the tubes are 
arranged in reflecting troughs suspended 
from the ceiling at such a height that 
the light is evenly diffused over the 
w> -rk in hand. It is equally possible to 


have a tube as a portable fitment to 
be moved from place to place and used 
in an upright or horizontal position, 
with or without reflectors. 

In our homes this t3q>e of lighting 
can be concealed behind cornices or 
picture rails or fixed to the ceiling or 
on walls in company with appropriate 
shades. Thus, when entering a room 
and operating the switch there will 
come almost instantaneously a flood 
of illumination to correspond with 
wonderful closeness to that of natural 
daylight. Apart from its pleasing 
appearance, there will be nothing in 
this form of lighting to cause glare, 
or to try our eyes in any way. 

The principal street of New York 
City is Broadway, which runs north 
and south for thirteen miles, the 
whole length of Manhattan Island. It 
is probably the longest street in the 
world under one name. But it has a 
second claim to distinction. At night 
it is lit up by electric advertising signs, 



The difficulty of safe lighting in the black underground tunnels of a coal-mine has been overcome 
in the past by diSerent typos of safety hand-lamps Here we see a great step forward in this photo- 
graph of fluorescent lighting of roads and coal face at CUslet Colliery in Kent, 
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TO GUIDE IHt MARINER 

Hire we 1 m\c ail ihskU* miw of tli< t)pti( al 
syst( in and single flaslung appu itus of a modem 
liglltlionst One of the xery earlitst ii'^es of 
electric it \ for Iiglitiiig was m the South I’orel.ind 
Lighthouse «it tlie end of 185S 

SO many, imposing and brilliant as to 
make people call it the “ White Way/' 

A good many years ago now, a huge 
steel erection rose on the roof of one 
of the Broadway hotels. It measuied 
70 feet in height and 80 feet in width 
For a long time workmen were busy on 
it, and then one night its 20,000 elec- 
tric bulbs began to flash, and behold I 
a Roman chariot race, with horses 
galloping madly, their tails streaming 
in the wind, and dust rising from theii 
hoofs ; now stumbling, now flogged 
into further effort by the charioteers. 
Ahead of the chariots, mountc men 
cleared the path for the racers, pressing 
back the crowd. 

How Electric Signs Work 

The illusion of motion was produced, 
of course, by wringing different sets of 
lamps into use in proper succession. 
In this, as in every electric sign in which 
the lamps arc not all burning continu- 



H liruit^e A Co 

A LIGHTHOUSE LAMP 


llie first fdcttriL lights woie from <irc l.imps ,ind 
then cainc the filament Idinp largely used in 
our homes to da\ In this photograph we have 
cl lirge modern electric filament lamp designed 
for use in lighthouse projiitors 

ously, every lamp is connected with 
an electrically-driven switchmg device, 
calitd a "flasher." The most impor- 
tant part of this, m the case of a " liv- 
ing " sign, is a revolving diuni, which 
iiwy have pins projecting from it like 
those of the cylinder of a musical-box. 
Whenever a pin touches a flexible 
" brush " fixed in its path, a lamp, or 
group of lamps, lights up for the space 
of just a moment. 

Heat from Electricity 

One of the most useful attributes of 
electricity is that when it is passed 
through a thin wire the wire becomes 
hot. This simple fact has enabled 
engineers to construct many of the 
useful electric appliances which you 
find in your home. 

For instance, the heating clement 
of an electric iron is simply a sheet of 
mica with a special kind of fine wire 
wrapped round it. When electricity is 
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passed through this wire by switching 
on the iron the wire becomes red-hot 
and transmits its heat to the body of 
the iron. 

The electric kettle is another example 
of the way in which we can make use 
of the heat produced when electricity 
flows through a very fine wire of special 
material. The electric kettle contains 
a heating element rather similar to 
that used in an electric iron. 

In the case of the electric fire one 
can, of course, see the wires which are 
made red-hot by the passage of the 
electric current. 

By using a large number of heating 
elements similar to those used in 
electric fires and arranging them inside 
a brick-lined chamber, engineers can 
construct an electric furnace suitable 
for melting iron, steel and other metals 

Food from the Air 

One of the latest uses of electric 
he.it is its application to the ex- 
traction of nitrogen from the air. We 
cannot live without the food which 
the farmer grows for us. Nor can the 
farmer grow good crops unless his land 
be kept fertile. One of the most valu- 
able of manures is nitrogen combined 
with other substances in a suitable form. 
The nitrogen of the air is boundless in 
quantity, but most plants cannot make 
use of it. By putting their heads 
together, chemists and electricians have 
found a way of capturing some of this 
nitrogen and handing it over to the 
farmer. 

The new process makes use of the 
great heat wliich electricity will produce 
if applied in the right way. It is only 
by using electricity that we can make 
this particular kind of fertiliser, so in- 
directly, at any rate, we owe some of 
our food to electricity, and may be 
said to feed partly on air. 

The Electric Smith 

The intense heat which electricity 
can bring to bear on a small surface 
is now much used for joining pieces 


of metal together. Let us watch a man 
at work doing what is called spot " 
welding. His job is to join two over- 
lapping sheets of iron. He puts these 
in a kind of vice, between the ends of 
two copper bars. When he moves a 
switch a great fcurrent passes from bar 
to bar through the two thicknesses of 
iron, which become soft with the heat 
and are welded together by the pres- 
sure. The work occupies only a few 
moments. Plates " spot " welded at 
intervals are held together as firmly as 
if they had been riveted. 

Under the Stars and Stripes 

When the Americans entered the War 
of 1914-18, the Geimans wrecked the 
engines and boilers of some of their big 
ships lying in New York Harbour. It 
was impossible to make new engines 
quickly, so electric welders were set to 
work on sticking the broken parts 
together. They cut away the metal at 
the edges of a break to form a V-shaped 
groove when the two parts were brought 
together, and filled this with metal 
melted by an electric flame. In quite a 
short time the ships were in service again 
— this time under the American flag. 

The electric smith has even been 
turned to welding together all the metal 
parts of a ship's hull — plates, beams, 
frames, bulkheads, etc. — and has done 
it well, not a single rivet being needed. 

Heating Without Wires 

AH the different heating appliances 
described above depend upon one 
simple fact. When an electric current 
passes through a wire which is very 
thin or which offers a high r^istance 
to the flow of a current the jvire be- 
comes very hot. 

The newest form of heading by 
electricity does not need any* red-hot 
wires. This new form of hating is 
called electronic heating. An electronic 
heater has a table upon which is placed 
the substance which has to be heated. 
A flat plate is then placed in position 
over the substance and a very high- 
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frequency voltage is switched on be- 
tween the table and the plate. A 
high-frequency voltage means that the 
electrical pressure is applied first in 
one direction and then in the other 
direction, the changes taking place 
perhaps a million times in a second. 
This has a curious effect upon any 
substance such as rubber, plastic or 
plywood, which may be placed on the 
table of the electronic heater. The 
effect is. that the whole of the Substance 
is rapidly heated right through. Elec- 
tronic heating is, therefore, very suit- 
able for very quickly warming materials 
such as plastic, rubber and the sheets 
ot wood and the cement used for 
forming plywood. 

A picture of one of the latest types 
of i] 'Tronic heateis will be seen in 
these pages. This particular lieater is 
used for heating plastic materials before 
they are put into the moulding press. 

Compass and Magnet 

A young man wius once asked to 
explain to some ladies the working of a 
railway locomotive. 
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Oh ! said he, it's ever so 
simple. You see, the driver claps the 
boiler on to the fire, and the fire get 
into the water, and the steam gets into 
the wheels, and away we go 1 " 

Hardly a brilliant effort I We wonder 
what he would have made of the electric 
motor, if he could do no better than this 
with a steam engine, which at any rate 
has a good number of visibly moving 
parts. 'Ihe electric motor is so much 
more mysterious a contrivance. 

However, we will do our best to 
thiow some light on its working, in a 
maimer that you can understand. 

By way of introduction let us sup- 
po^^^^* that we have on the table before 
us a small pocket compass and a horse- 
shoe magnet. On presenting one pole 
of the magnet to the compass needle — 
which also, as you know, is a small 
magnet — one end of the needle will at 
once fly towards it. We now present 
the other pole, and the needle promptly 
swings through a half-circle. By mov- 
ing the horseshoe magnet quickly to 
and fro sideways we can make the 
needle spin round and round, and we 



SAWING WHITE-HOT METAL WHILE IT MOVES 


Here we see an electrically-driven circular saw being used for cutting white-hot steel tube into 
required lengths as it comes from the tube mill. The saw with its motor is mounted on a cairiage 
* which moves to and fro as it ruts through the moving tube. 
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have an electric motor in its very 
simplest — and, we fear we must add, 
most useless — form. Its motion is due 
to alternate attraction and repulsion 
between the poles of the big magnet and 
one pole of the small one, the changes 
being made at just the right moments 
to keep the needle moving. 

Another very interesting thing is 
this : If a current is passed through a 
coil of wire the coil becomes a magnet, 
and if it is hung so as to be able to 
swing easily it will turn north and south 
like a compass needle. If vou reverse 
the direction of the current, the coil will 
swing through a semicircle, for its poles 
also have been reversed. An iron bar or 
core with a coil of wire wrapped round it 
becomes a magnet when electricity is 
sent through the coil. This is called an 
eleciro-magnei. The ordinary horseshoe 
magnet and also the needle of a com- 
pass are both called permanent magnets 

Next we will get to grips with a 
pi<ictical motor. This has a fixed 
circular frame with two electro-magnets 
projecting inwards from it opposite to 
one another, and an iron dium-like 
part, mounted on a spindle, turning in 
the space between the curved ends of 
the magnets. The drum is wound from 
end to end with a coil of wire. 


Friendship and Enmity 

When current is sent through the 
magnets and the drum coil, the coil 
becomes a magnet too, and one end of 
it is attracted to each of the fixed 
magnets. Just as it comes into the 
position it likes best, the cun ent through 
the coil is automatically reversed. 
Friendship is at once changed into 
enmity, and each fixed magnet de- 
mands the opposite end of the coil, 
spurning that nearer it. So the drum 
makes another half-turn, the current is 
again reversed, and this changing is 
repeated so quickly that in a few 
moments the drum electricians call 
it the armature or rotor — may be 
spinning a thousand or two times a 
minute. 

The motor described, though it 
would work all right, would be jerky 
in its action, as the spindle is turned 
much more strongly in some positions 
of the coil than in otheis So the dium 
is usually wound with a nuinbei of 
separate coils, distiibuted loiind it, and 
each comes into use twice during every 
revolution of the spindle Then the 
motor pulls equally hard all the time, 
and gives steady motion to whatever 
thing it is set to drive. 
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AGAINST THE BLACK BACKGROUND OF NIGHT 


Flood -lighting at mghtiall of histone or important buildings has been a feature in retent years of 
nation.il and local celebrations Here we have a view of the Horse Guards Parade, London, 
illuminated by Ma/da Mercury Vapour Lamps in floodlight projectois 




Famous Inventions 
and How Tlicy 
^X^ere Evolved 



VC^Iiat AAaster A/\inds 
Have Done for 
tlie Oood of AAan 



rHB FIRST MACHINE TO RFPROOUCE TALK 


H M Statwntry Office 


lliib IS tlu origin'll phonograph niado by Thomas Edison in 1877 Ihc grooved c>Iindcr m Ihe 
niiddh , covered with tinfoil, is revolved and moved slowly endways by turning the handle On 
eich side of it is a recorder with diaphrigm and necxlle for indenting the foil m obc'dience to 
sound vibrations and repr > i jciiig sounds 


HOW SOUNDS ARE WRITTEN DOWN 


O NE day in the year 1877 Thomas 
Alva Edison , the great American 
scientist, took a sheet of tinfoil 
and wrapped it round a metal cylinder 
having a fine corkscrew-like groove cut 
m it from end to end. The cylinder 
was mounted on a horizontal shaft, cut 
at one end with a screw-th 'ad of 
the same pitch as the groove on the 
cylinder. When the shaft was turned 
by a handle, the cylinder moved end- 
ways slowly, the groove being always 
opposite a sharp steel point pressing on 
the tinfoil. 

The steel point was connected with 
a disc on the end of a mouthpiece. 
Edison turned the handle steadily and 

167 


spoke into the mouthpiece. Every 
vibration of his voice drove the disc 
away from him and made the steel 
poinc press the foil more or less deeply 
down into the groove behind it. When 
the needle reached the end of the foil, 
it was lifted off, and the cylinder was 
run back into its original position. On 
the cylinder being turned forward a 
second time, with the needle touching 
it, the dents in the foil made the disc 
flutter exactly as it did when " talked 
at,” and the original words were 
reproduced. 

Thus, in the year following that of 
the invention of the telephone, Mr. 
Edison became the parent of a machine 
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by means of which, to use the words 
that appeared vn The Times soon after- 
wards, “ the old familiar voice of one 
who is no longer with us on earth can 
be heard speaking to us in the very 
tones and measure to which our ears 
were once accustomed." 

Phonograph and Dictaphone 

This new invention was named the 
phonograph — the recorder of sounds. 
Its tinfoil soon gave place to a hollow 
wax cylinder, into which a hollow- 
ended sapphire cutter gouged tiny 
depressions, corresponding in frequency 
to the sound vibrations shaking the disc 
of the mouthpiece. A phonograph 
record, examined under a magnifying 
glass, appears as a series of scoops, 
varying in length, depth and spacing. 
To reproduce the sounds a tiny sap- 
phire ball, as large across as the cutter. 


is used. This falls into the depressions, 
and in doing so shakes a disc in a sound- 
box, and sets up air vibrations in a horn. 

The phonograph both records and 
reproduces sounds. If a record be 
needed no longer, the wax may be 
shaved away deeply enough to remove 
the sound waves, and the cylinder can 
then have another record made on it. 
But as a means of entertainment the 
phonograph has practically gone out of 
use, because wax cylinders are delicate 
and rather awkward to store. A special 
form of it, however, called the dicta- 
phone, is employed in many business 
offices for taking down letters. The 
dictated records are transferred to 
reproducing machines in the typists' 
office. 

From the phonograph was developed 
the instrument with which we are 
familiar to-day — the gramophone. 



The GramopkoHu Co. IM. 

YOU WILL RECOGNISE THIS 

The picture His Master’s Voice ” has made this dog — a real dog that really listened — world- 
famous as the central feature of what is probably the most successful pictorial advertisement 

ever produced. 


HOW 

Many improve- 
ments in the 
methods of making 
records have been 
made since the early 
phonograph days. 

The Gramophone 

This cannot make 
records, but only 
reproduces them, by 
following with the 
tip of a steel needle 
a spiral groove in a 
hard, flat disc. 

The groove 
appears smooth 
enough to the eye, 
but rciilly it is a 
seri#‘s of zigzags. 
1 he needle is fixed 
to one end of a 
delicately pivoted 
lever, the other end 
of which is attached 
to the centre of a 
mica or metal disc, 
clamped firmly 
round the edges in 
a sound-box. The 
tip of the needle 
follows every zigzag 
in the groove, and 
in doing so 
vibrates from side 
to side. The sound- 
box disc necessarily 
vibrates with it, 
and creates air 
waves whicli 
reproduce the 
sounds recorded. 

How a Gramophone 
Record is Made 

Thanks to the 
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TESTING THE RECORDS FOR WEAR 

From tlie <>; ‘^inal wax record a copjx'r shell, known as the M.ister is madf‘ 
and then a Sf;con<i record, known as Iho Mother, or working matrix, is 
taken. The Master record is carefully stored away, but from the working 
matrix the i ©cords to be sold to the public are made. From each batch 
a certain number are tested and in this photograph we see sample records 
undergoing tests for wear. 


kindness of The 
Gramophone Company, Limited (“ His 
Master*s Voice *'), we are able to give 
a short description of the various 
operations needed in the making of a 
gramophone record. 


We will assume that Madame X., the 
famous soprano, is to have one of her 
songs recorded. The singing is done in 
a studio specially equipped for the 
purpose, in front of a microphone. 
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Every vibration of the singer's voice 
makes the microphone’s disc flutter and 
send an electrical impulse to the stylus 
or cutting point of a recording machine. 
The last has a revolving table like that 
of an ordinary gramophone, on which 
is a circular slab of a special wax, about 
an inch thick. As the " wax ” — this is 
the technical name given it — ^revolves, 
the stylus, which can move sideways 
only, cuts in it a groove about inch 
deep and Jn ii^ch wide. A tiny gauge- 
wheel, running on the top of the slab, 
prevents the stylus sinking in too far. 


While the table revolves once, the 
stylus is drawn about inch towards 
the centre of the " wax ". The result 
of the revolution of the “ wax ” and the 
sideways travel of the stylus is a 
continuous volute or spiral groove 
having 100 turns or so to the inch. 

While the stylus cuts it also vibrates 
sideways in time with the vibrations 
sent from the microphone. So the path 
which it makes for itself is a zigzag one. 
If, for example, it is recording a note 
having 3,000 vibrations a second, the 
stylus will zigzag at the same rate. So 
one need not be 
surprised if even a 
strong magnifying 
glass fails to reveal 
the individual 
zigzags. One has to 
remember, too, that 
the nearer the stylus 
gets to the centre, the 
smaller is the length 
of groove cut in a 
given time, and the 
zigzags mufrt be 
crowded closer 
together. Nor is it 
a matter of simple 
zigzags, for each zig- 
zag has in it smaller 
zigzags, peculiar to 
the particular cause 
of the sound. If it 
were not for what 
we may call these 
secondary zigzags, 
which give sounds 
their special timbre or 
quality, it would be 
very difficult to tell 
whether a musical 
sound issued from 
the humau throat or 
a piano, or a violin, 
or what not* 

The " wjtx ” on 
which Madame X.’s 
song has been 
recorded is so soft 
that it can be 



Dictaphone Co I id 

TYPING FROM THE DICTAPHONE 


One form of the original sound-recording invention has been developed 
as the Dictaphone for business purposes. It enables the busy man in 
industry, politics, and even authorship, to dictate letters, notes and 
chapters just when most convenient to him The secretary, as seen in 
the photograph above, afterwaid*5 types the letters or manuscripts Irom 
the record s dictation, the speed of which can b< adpisted 




EMI Sades and Service Ltd, 

TO ENSURE THAT EACH RECORD IS PERFECT 


Every detail of a new record is carefully tested to make certain that only a perfect record is S‘*nt 
irom the factory to the distributor who sells to the public. In this photograph the final stage of 
these tests has been reached and the label on the record is finally checked to see that every detail 

IS correct 

scratched with a finger-nail, and the on ii ‘n place of grooves. This negative, 

needle of a gramophone would ruin it known as the “ master,” is preserved 

immediately. So it must be copied, v^ry carefully. 

down to its finest details, which are 

extraordinarily minute, in some sub- Coated with Nickel 

stance hard enough to stand the wear The " master’s ” face is first coated 

of many reproductions. with nickel — a. much harder metal than 

copper — to protect it against damage. 
Through Copper and Nickel and then with a solution which prevents 

The “ wax,” after being cleaned, sticking, and goes into the copper bath, 
has its face dusted with fine metal The deposit of copper on it (peeled off 
(bronze) powder, which is ruLKed in when thick enough) forms a positive 
by a brush revolving so fast that any record, exactly similar to the " wax.” 
excess of powder is flung off by centri- This copy is named the’ " mother ” of 
fugal force. It is next placed in the record. From the " mother ” are 
an electro-plating bath, and a coating made any required number of negative 
of copper is deposited on the metal, nickel copies, each called a matrix, by 
which, unlike the wax itself, is able to electro-plating. These, when stiffened 
conduct electricity. The copper coat- by a backing of thick copper, serve as 
ing, when peeled off, is, of course, a the dies which mould the record finally 
*' negative ” of the " wax,” with ridges as a positive in hard material. 
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So you see that a record is well 
guarded in manufacture. If a matrix 
be damaged, a new one can be 
taken from the “ mother.” If the 
” mother ” itself suffered injury, a 
new mother could be made from the 
” master.” 

Moulding a Record 

A record which you buy for your 
gramophone is composed of lamp-black, 
shellac, c-opal, and other substances. 
The various ingredients are ground up 
very fine, well mixed, and pass again 
and again through mills heated by 
steam. The heat makes the mixture 
plastic. It is rolled out into a con- 
tinuous sheet, a yard or so wide, 
grooved lengthwise and crosswise so 
that, when cold and brittle, it easily 
breaks up into pieces each containing 
enough ” biscuit ” for the making of 
one record. 

In the pressing-room of the factory 
an tmormously powerful presses, able to 
give a 70-ton squeeze. A matrix of one 
recoid is fixed firmly, face upwards, to 
the lower plate of a press, and that of 
another record, face downwards, to the 
upper plate. 


A Piece of •• Biscuit ” 

The highly-skilled pressman lays a 
label face down on the lower matrix, 
and another label face up round a pin 
projecting through the top matrix. 
He then takes a lump of soft disc 
material — a piece of ” biscuit ” heated 
up — adjusts it in the centre of the lower 
matrix, closes the press, and turns on 
the p>ower. The dough is squeezed out 
flat, with impressions of the matrices 
on its two sides, and is almost imme- 
diately cooled and hardened by water 
circulating through the pi ess. The 
press opens, and out comes a ” double- 
sided ” record, finished except for the 
polishing of its edges, which is done on 
another machine. 

Reproducing by Electricity 

Every record is examined many 
times over for various possible defects, 
some of which go by the names of 
” drags,” ” dips,” ” pimples ” and 
” bumps.” If it gets safely thiough 
its examination, it is carried off by a 
conveyor to a vast store, containing 
many miles of shc'lves on which there is 
room for millions of records till arranged 
most systematically. 


B P F G H 
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i ht ijTatHoph<4t Co Ltd. 

IHE STAGES OF RECORD-MAKING 

A IS a lump of the special material used in making an original record, a " wax," which in B is 
seen ready for recording C shows the " wax " alter record. ng , the wax shavings produced 
b\ the cutler are now removed by suction as it is cut In D an clectrically-deposited copper 
ropy IS being stripped from the " wax." E is the material, in its powder form, used for making 
h, a hnished record The matrices for two records are in the mould plates at G and in H have 

prc&scd a reiord 





J he (jtatni>f>hoM i o Ltd 

A COMPLETE ENTERTAINMENT PROGRAMME FOR THE HOME 

E«lis(>n, \! ircoiii Baird, are tlie names of throe men wlio'^c pioneer etioils made possible tlie magic 
box shown ibovc Iho gramophone is a ten rcionl auto changer, with push-button contiols seen on 
the left Above this control panel is the screen winch brings all the lelevision broadcasts sent out 
by the BBC, while on the right is the 5 valve super h^t radio receiver for listening to the wireless 
programmes frnn home aiivi overseas stations 


Sonic graint)plioncs make use of a 
device called an dectiical pick-up for 
reproducing records. Instead of shak- 
ing a disc 111 a sound-box, the needle 
vibrates a small body of iron between 
the poles of an electro-magnet. The 
vibrations set up currents in the 
magnetic circuit, and these are magni- 
fied by wiieless valves and converted 
into sounds by a loud-speaker. A 
gramophone of this kind ca con- 
veniently be combined with a wireless 
receiving set. 

By moving a switch, the record pick- 
up circuit is cut out, and the wireless 
receiving circuit connected with the 
valves ; or the other way about. 

Before the end of 1939 this combina- 
tion of gramophone with a wireless 
receiving set had become increasingly 
popular, but manufacture ceased during 


the war years. The advantages of 
such a set aie obvious as the sound 
reproduction of a good wireless receiver 
is as near pei fection as modern science 
can make it. Now that television is 
with us again after its temporary banish- 
ment we have another impoitant 
item on the home entertainment 
piogramme. 

With wireless and television pio- 
grammes before them, a good selection 
of gramophone records at hand, and 
With a modern instrument designed to 
give the best results from any one of 
the three in turn, merely by changing 
a switch or turning a knob, the modern 
family need never be bored because of 
lack of entertainment ! As our illus- 
tration shows, all three forms of enter- 
tainment are now available to them 
fiom the one cabinet. 


MESSAGES AND PICTURES By WIRE 





IN LONDON’S CENTRAL TELEGRAPH OFFICE 


Vo^t Office. 


S*/me iilu-i of the great number of telegrams sent from a big business centre; can be g.iincil 
fi fill tins photograph taken in the maiu office of the telegraph service in London Koughly 
two-thirds of all telegrams sent in this country arc business messages and one- third socr.il 
messages. Less than 2 per cent, contain bad news while 4 per cent are congratulatory 


As in every (^Ihor d(‘partment of 
ZjL Science, })rogress in all branches 
JL jL of electrical engineering has been 
not merely rapid but almost revolu- 
tionary in the past fifteen or twenty 
years. This is particularly true in the 
field of telegraphic communication. 
Instruments and methods which were 
described as modem less than twenty 
years ag<.) aie already museum 
pieces. 

The first i)ractical electrical tele- 
graph was produced in 1837 when 
Cooke and Wheatstone in England 
brought out the needle telegraph while 
in America Morse produced his electro- 
magnetic telegraph. From these inven- 
tions standard instruments were 
developed and used in different types 
of work. 

For nearly a hundred years the 
Morse code was employed for the 
transmission of messages by telegraph. 
The sender at one end tapped a pivoted 
brass lever in front of him and so 


caused an (dectrical (ontac't of brief 
or- not qiiitf‘. so brief duration which 
resulted in a series of dots and 
(lashes being recorded at thf‘ otlau 
end. 

The message thus tapped out was 
receive ‘d at the other end by an inking 
device which recorded the dots and 
the long and short dashes ; this was 
dec(jded and the message written out 
in plain language for the person to 
whom the message, was being sent. 
There were other types of apparatus 
which punched holes in the paper tape, 
which was then put into an automatic 
typewriter (Creed) and the ^message 
printed in clear words for* all to 
read. 5 

Fairly early in the history of the 
telegraph Professor D. E. ' Hughes 
invented an apparatus for delivering 
messages directly in printed type. At 
the sending end was a piano-like 
keyboard with twenty-eight keys on 
each of which was a kdter of the 
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SENDING AND RECEIVING TELEGRAMS 


IT 



Poi>t Offict 


The Teleprinter la now established in all Urge Post Offices for the sending of telegrams As 
will be been from the photograph it is similar to a fairly large typewriter and the keyboard is 
operated in much the same way On receiving a signal the operator switches over the instru- 
ment to the receiving position ana the message is printed on paper tape or, in some machines, on 
a roll of paper, exactly as typed at the sender's end This message is pasted on the ofiicial form 
and IS ready foi dispatch to the addressee. 
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alphabet or other character. The 
receiving apparatus had a typewheel 
with twenty-eight characters on it. If 
key A were pressed down, the receiver 
printed A on a paper strip. The chief 
difficulty at first was to keep things 
in step but this was eventually over- 
come. 

From this machine developed the 

Tape " machine, so named because it 
piints on a long paper tape. It has 
been in use for many years in slock 
exchange offices, business houses and 
clubs as well as newspaper offices for 
receiving the latest news. 

From Morse to Teleprinter 

A few years before the Second Woild 
War the telegraphic system in British 
Post Offices was completely reoiganised. 
Up to the year 1935 various types of 
apparatus were in use in dificrent 
offices from the ** dot and dash 
Morse soimder machines to the punch- 
ing machines already described, as 
well as the Hughes piano-keyboard 
transmitter. 

To-day the Teleprinter has replaced 
all other instruments and has been 
installed as a general rule in all Post 
Offices where 150 or more messages are 
handled daily. Smaller offices accept 
telegrams but they are immediately 
telephoned to the nearest Teleprinter 
office from which they are dispatched. 

The Teleprinter, as will be seen from 
the photographs, is very similar in 
appearance to a large typewriter and 
has very much the same keyboard. 
It is slightly different in touch " 
compared with a typewriter owing to 
the fact that the Teleprinter is electri- 
cally operated. Each time a key is 
depressed an electric current comes 
into operation and many miles away a 
similar Teleprinter apparatus, switched 
over to the receiving position, types 
out the letters, figures, and spaces, 
as the distant operator types them. 

In some of the Post Office machines 
the message is printed on paper tape, 
as in the photograph on page 175, but 


in others the message is typed diiect 
on to a roll of paper. The tape can 
easily be tom or cut into small pieces 
and pasted on the official telegram 
form ; the portion on the roll con- 
taining the message just received can 
also be easily torn off for similar 
treatment. 

Signals are exchanged between the 
operators at each end so that one 
knows when a message is to be k'- 
ceived and when it ends, while the 
sender learns that it has been coi - 
lectly leceived. As the Teleprinter has 
a typewriter keyboard, works up to 65 
words a minute, and piints the tele- 
gram ready for delivery, its advantages 
are obvious. It is believed, too, that 
operators working Telepiintejs are able 
to retain a high degree of manipulative 
skill until a much later time of life than 
was generally possible with the morse- 
key working. 

Under the G P.O Telex '' S3^stein 
Teleprinters can be installed in lire 
offices of big cornmeicial companies so 
that they can communicate direct with 
their branches or with other users of 
the Telex system, 01 direct with the 
Post Office telegraph office. 

The use of private wire teleprinter 
circuits by commercial and other large 
concerns has increased rapidly duiing 
the last few years and a large number 
of ciicuits, both single and in groups 
with switchboard facilities, were in- 
stalled by the Post Office. 

Working Without Strain 

It is worth mentioning that the Post 
Office attach great importance to the 
training of their staff to make sure that 
those who will operate the Teleprinters 
acquire the right touch and correct 
rhythm. A well-trained stiff works 
accurately and easily and without any 
sense of strain. A special telegraph 
training-school is run by the G.P.O. 
to give newcomers thorough training 
before they tackle the real thing. 

For special occasions the Mobile Post 
Office comes into use. This is really a 



HOW THIS BOOK WAS BUILT 



Photo courUsy oj the ( entury hngravtng Co 
In a work such as Ptctonal Knottiedge, whtrc. so much depends upon the man\ hundreds of illustrations, the 
printing blocks are of the hi((hest importance These blocks consist of a metal plate mount* d on \sood to tht 
height of the type, and in this photograph s^e set in etclur preparing tht plate for an acid hath Ht is 
protecting with an acid-resisting \amish those parts which are not to be ttchtd 
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THE CAMERA THAT PHOTOGRAPHS PICTURES 



PAoto. By toufUsy «•/ liu Cmtury tngrmnng I o 


Here HP have the camera used for taking a photograph of the tlluatration to be reproduced hor printing pur 
peats the picture la reversed through a prism, but, heiote the exposure is made, the image has to be adjusted 
on u ground-glass Mreen to the correct size From the negative the image is transferred to a metal plate, 
which, after chemical treatment hnallv «\olves as a printing block. 



Photos By eourtuy oj th* Whtufruirt Prut, Ltd 


The lette rpress in these volumes was set up on a The ribbon is transferred to this machine, known as 
Monotype inachini H* re yoti sec the keyboard a caster By means of the punched holts the letters 
which has 276 keys Thtst keys punch holes in a and signs ar^ selected and the type comts forth in 
roll of papi r rihlion units ready for use 



A COMPOSITOR SETTING UP TYPE 



Before the days of the Monotype and Linotype machines all type had to he setup by hand, but in these volumes 
only the chapter headings are done in this xsay In the illustration above n compositor is setn at his work 
silicting the letters required for a hiading His upper cast contains tht capitals small capitals and figures 
while in the lower-case aie found the ordinary letters and spacts 



PlMtoi By courtesv o/ the B hhUfriw^s preu Ltd 


When a long length of type has been set up — sufficient for about two columns —It is placed in a metal tray 
known as a **gallty** and a proof is taken with a hand-press William Caxton, who first brought printing to 
England and act up his press in Westminster in 1477, used a crudt sort of hand-press for the same purpose 
to product the earliest printed books in this country 


PAGE PROOFS AND PRINTER’S READERS 



Here IS the printer’s proof-reader, whose duty it is to check proofs with the greatest care to ste that the 
setting and “making-up” have been correctly done Some times his a sistant will read aloud from the original 
manuscript Proof readers have a special code of signs for marking corrections 


WHEN THE PAGES ARE "MADE READY" 



Such corrections as the itadtr makts on Ins proof must he put n^ht in tht metal t\pi Wht n tfu papts art 
i( atiy, however, they are laid to^e ther and tijthtly \s edged with quoins in a ''ttti liamt known as a chase When 
the printed sheet is folded the nages will come together in the proper order 





i /mtoi li\ < iurltsy itj the H hitejrtuts L rea Ltd 


This IS one of the presses used for the printing of this book The sheet of paper is fed in at the far 
end of the press and a revolving cylinder lames it over the inked tvpe and pictures Punted sheets irc 
delivered at great spend on to the trav in the foreground 



FIRST STAGES OF BINDING 



Our books are printed in Urge sheets, each of which bears the impression of thirty-ruti pages of t\pc When 
the ink is thoroughl) dry the sheets are folded into Id-pagt sections These sections art collittd in ih» ir 
correct sequence and art thin s(\sn together on this sewing machint 






The books arc beginning to take their c(»rrect shape. Before entering this machine the backs of the volimes 
are flat but they must now be rounded and the shoulders jointed. This is known as “rounding and backing” 
and provides a hinge on which the case, when pasted to tlu book, will open easily. 



Pkntos: By eourtety a/ HtatUt U^oliofi W yinty, Ltd. 


Passing mi to the next stage the books arc strengthened by glueing muslin and strong brown paper linings to 
the backs of the volumes. In this picture we see the books being fed into the machine where these operations 

are carried out in their proper sequence. 





In this photograph the optrator is st«n at ^^o^k feeding the material required for thi co\eis into a case- 
making machine Ai it passes through the machine' the material is automaticalh glued, fitted to the hoards, 
anvl finally ejected from the machine as a co\er ready lor the dtcorafnm 



Photos ' By courUty of HoMtll, Witson & Fifiay, Ltd. 
We come to the last stage in which the books are pasted into thei* covers This process is known as ''casing 
m.*’ When this work has been done the heioks arc put into a powerful press where they are left to 
dry thoroughlv Tluv are then ready to be packed for despatch 



A TRAVELLING TELEGRAPH OEFICE 


/ 0>.t Offtct 


On -^p« Cl il o< » ision'» when teli graph facihtu‘> irc necil^fl m some wlu rt tht\ do iu)t 

exist or are too fir away from the artual bum a Mobile Post Ollice is sent IJiis is k iJlv a 
motor caravin fitted with Teleprinter and teh phone wliieh c in be quickly com ected up to the* 
nearest lines and busin uiiried on as in an ordmiry Post Oihie 


motor caravan, but fitted with tele- 
printer and telephone apparatus which 
can be quickly connected up so that no 
delay occurs when urgent messages 
have to be sent from some place where 
normal telegraphic facilities do not 
exist The adoption of teleprinter 
working has also enabled special events 
such as race meetings and big sports 
gatheiings to be dealt with in a much 
more satisfactory manner than when 
the Morse apparatus was in use A 
temporary telegraph office is quickly 
set up and the flood of messages are dis- 
patched without any unnecessary delay 

The Pen that Destroys Distance 

The word telegraph comes from two 
Gieek words . Tele ^ far off, and 
grapho = to write. To telegraph, 
therefore, means literally to write 
something at a distance. The use of 
the printing apparatus about which we 
have just been reading is real tele- 
graphy, if words delivered in type may 
be called writmg ; and the apparatus 
which we will next notice enables 


one to telegraph undisputedly m the 
full sense of the word. 

What happens in this case is as 
follows You pick up a piencil m, say, 
London, and write a message with it 
As ^ ->u do so, a pen in Liverpool, 
Manchester, or some other distant 
pla.ee copies every movement of your 
pencil so faithfully that what it writes 
IS undoubtedly your handwTitmg, not 
that of anyone else Instead of ordinary 
chaiacters you may use short-hand A 
you like Oi , if some particulai 
point can be explained better that 
way, make a simple sketch or diagram 
It is all the same thing to the 
telewriter 

This service has not been developed 
very fully, partly owing to the fact 
that the ordinary telegraph and tele- 
phone provide all that is usually re- 
quired, and partly owing to the war 
Telewriters have been in use, however, 
on the Liverpool Cotton Exchange, 
Manchester Royal Exchange, and the 
reporters’ gallery at the House of 
Commons. 
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Wireless has played a part both in 
the telegraph and telephone services in 
the sense that experiments in one 
direction have opened up possibilities 
in another. Among the discoveries 
affecting telegraphy and telephony is 
what is tenned " voice frequency 
working. In the beginning each pair 
of persons talking over a telephone or 
using the telegraph instrument needed 
a pau: of wires. Nowadays by adopting 
a method used in wireless each pair of 
wires can carry several conversations 
or machine-sent messages. 

The Sounds go over the wires as a 
jumble but at the other end each 
different voice or teleprinter message 
is picked out by a suitable detector and 
the jumble is automatically and neatly 
sorted out. One line between London 
and Birmingham actually carries 320 
convoi sat ions on one pair of wires. 
The apparatus required at each end to 
combine the different conversations in 
<he beginning and then to separate 


them at the end is highly ingenious, 
and, as can be imagined, wonderfully 
complicated so that no easy and simple 
explanation of its working is possible. 
Those of us who lack technical know- 
ledge in such matters can only stand 
and wonder. 

Cables Under the Sea 

But it is this ''voice frequency** 
system which has levolu lionised the 
engineer's task in both telegraph and 
telephone practice and still improve- 
ments are being made. The introduc- 
tion of this system has resulted in a 
complete co-ordination and harmony 
between the telephone and the tele- 
graph services. The same lines serve 
both services and in the case of the 
telegraph it means that the hCMVice is 
nowadays almost without distance 
limits. On this })articular system re- 
peater stations are situated at distances 
of about fifty miles 

There is another brancli of telegiaph 



One of tlu handicaps uf submarine cables has been the fact that it was not possible to have 
amphliers between the shoic teimjnals This has now been ovurcomo by the Post Ollicc 
enf^iiiccrs and oiir photograph shows the inner assembh )l the " Rtptatii ’ wlitdi forms part 
of tilt tabli laid iti ic^b between I owcstofl and the isla id of l 5 orkum (Wf the (.Tertnan uKist 
lor th» ( onliiuntal servne Tins inner assembly is four feet Jong by 13 iiulies dianutei and 
IS onUosid 111 a huger chamber constructed of welded stul i>lates ^ inch tint k whit h will 
withstand a pressure of 1,000 pounds to tin square iruh 


TELEPRINTERS AT THE DERBY 
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J ot spcci ii events sucli as important la mg and si^jrts meetings a statf of t( li graphists a\ ith Iheir 
J^ If printers ate installed on the spot flie photograph above shows the scent on P(ib> Dav, 
and although horses jockf ys and crowds are somewhere just be>oiid the camera's langt the 
Ulepiiriteis ire sending results and descnptions which will tell those far from the course just 

what has haptxjned. 
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P(a1 

111 all branches of the Post Office service great importance is attached to the training of the 
stall, in the well-founded belief that a properly trained opeiator becomes a n\astt*r of the ci aft 
and enjoys freedom from strain and so works easily Here wc see Ixginncis at the Central 
Telegraph Ofhee School learning the correct way to manipulate the Teleprinter ke> boaid 
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work about which a large volume could 
easily be written. The Post Office is 
responsible for 373 submarine cables, 
but as new cables are still being laid 
this figure is increasing steadily. 

It was in 1850 that the first sub- 
marine cable was laid between England 
and France. Something went wrong 
very shortly after it was laid and it 
took a little time to discover the truth. 
A Boulogne fisherman had hooked up 
the cable with his trawl, and, puzzled 
by his catch, cut off a piece — and then 
promptly set sail for home. He 
believed that he had found a new and 
lare kind of seaweed the centre of 
which was filled with gold. The gold, 
of course, was merely copper wire and 
the seaweed '' had been specially 
mad^ in England. 

This unfortunate beginning did not 
deter the engineers and during the 
next year, 1851, the first successful 
cable to the Continent was laid. In 
1870 the Post Office took over several 
cables belonging to different com- 
panies as well as the cable ship 
Monarch, a paddle-steamer of some 
500 tons. 

Since then there have been three 
other ships bearing the name His 
Majesty's Telegraph Ship Monarch, 
The latest Monarch is a large cable- 
laying ship of 8,000 tons, fitted with 
every latest improvement to enable 
her to make use of the many scientific 
developments in this important branch 
of telecommunication between coun- 
tries separated by the oceans. 


Largest in the World 

The Monarch is indeed a wonder 
ship, fitted with four cable tanks i t 
which about 2,500 miles of deep sea 
cable can be carried, and having elec- 
trically-operated cable gear. She wjis 
launched in 1945 and is the largest 
cable ship in the world. 

Cable-laying is almost as liiglily 
scientific as is the work of the engiiu'eis 
who have devised all the apparatus 
now in use. Even in the deepest 
water the cable rests on the bottom 
of the ocean. When laying a cable in 
a depth of three miles it is calculated 
that, with a ship's speed of eight knot.s, 
the distance from the stern sheave 
where the cable leaves the ship to 
the point where the cable actually 
touches the bottom is over 20 miles. 
It takes a particular point in the 
cable more than two hours to reach 
the bottom from the time it enters the 
water. 

Flashed Across the Ocean 

A new cable for the Continental 
service was laid in 1946 between 
Lowestoft and the Island of Borkum 
off the German coast. It is 200 
naut'cal miles long and the cable has 
Polj ihene insulation instead of the old 
gutta-percha covering. This particular 
cable is fitted with a submerged 
repeater which is in effect a small 
power house on its own, renewing the 
current and amplifying the messages. 
Like other highly technical improve- 
ments in the electrical engineers' world 


H.M. TELEGRAPH SHIP ♦‘MONARCH” 

K«y to number! '' own in the driwinf on the opposite p>ie. 

i After Paying>out Sheeve ; 2, After Oynamomeser ; 3. After Brake Controi ; 4. Quarters and Corridor ; 5. 
Refrigerated Stores : 6. Water Tanks.; 7. Starboard Propeiler ; 8 Starboard Propeiier Shaft . 9. Feed Water Tanks . 
iO Thrust Biock ; II. Generating Machinery Room; 12. Engineers' Workshop, 13. After Paying-out Gear, 
14 Engine Room (Starboard) , iS. Boiler Room ; 16. Uptakes . 17. Galley ; 18. Fuel Tanks in Double Bottom , 
19. Ward Room ; 20. Master Gyro Compass , 21. Officers Accommodation and Corridor ; 22. Starboard Motor 
Boat ; 23. Cable Signal Lights ; 24. Whip Aerials . 25. Radar Room , 26 Radar Scanner , 27. Range Finder and 

Compass Platform ; 28. Wheel House and Bridge ; 29. Chart Room , 30. Radio Room , 31. Sea Cabins and Offices . 
32. Capuin’s Day Cabin ; 33. Captain’s Sleeping Cabin ; 34. Sea Cabins ; 35. Cabin Corridor ; 36. Cable Test Room , 
37. Gangway, cabins, offices, etc. : 38. Cable<Leads Testing Station ; 39, 39a, 39b and 39c. Cable Stowed m Cable 
Tanks ; 40. Cr>^noiine Cable Guide (on each tank) ; 41. Cones in each Tank round which the cable is turned , 
42 Pitometer I g Chamber ; 43. Double Bottom ; 44, Echo Sounder Chamber . 45. Fore Hold Stowage of working 
gear, buoys, etc. . 46. Stowage Bins ; 47. Hatch Trunk , 46. Forward Picking Up and paying out gear , 49. Winch , 
50. Forward lockey and hauling-ofTfear ; 51. Crows Nest ; 52. Companion Way ; S3. Forward Crew’s Space, etc. . 
54. Forward Dynamometer ; 55. Bow Sheave for picking up and paying out cable. 
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A^sociaieJ /V^s< 

AS THE NEWS COMES THROUGH ON THE TAPE 


Ihis IS the tape machine which is used in Stock Exchange offices, clubs, newspaper oftices and other 
places for share quotations and news items, particularly those containing figures It works on much 
the same general principles is the Teleprinter. 


it is impossible to give a simple 
explanation of its parts or its manifold 
purposes Yet it does help us to 
appreciate the marvels of our modern 
world if now and again we are given a 
glimpse of the ingenious inventions 
and devices which ‘‘ make the wheels 
go round/' or, in this case, flash our 
words in a twinkling across the wide 
oceans. 

Another wonderful aspect which has 
developed within recent years is Picture 
Telegraphy. This differs from all other 
forms of telegraphy (wdth the excep- 
tion to some extent of the Telewriter) 
in the fact that an exact reproduc- 
tion of the original images or signs 
is received at the other end of the 
wires. 

The history of picture telegraphy 
goes back as far as 1843 when Bain 
invented a system by which hand- 
writing and simple line-drawings could 


be reproduced in facsimile. Then came 
the Bclin system which was used in 
France between certain towns from 
1924 onw^ards. The system now' used 
by the British Post Office is the 
Siemens-Karolus 

The Moving Light-Spot 

In this system the picture to be 
transmitted is fixed round a drum by 
means of spring clips. When the 
apparatus is started the drum rotates 
with uniform speed, and at the same 
time a spot of light is thrown on 
to the surface of the pictiire. This 
light-spot scans the picture with a 
spiral movement so that all portions of 
the picture from one end of the drum to 
the other arc explored. The light from 
the sending lamp is interrupted by a 
rotating shutter in the form of a 
toothed difc. 

The light reflected from the surface 


LANDING AND GRAPPLING FOR CABLES 



Post Ojffice. 

A cable ship is fitted with equipment for locating the cable lying on the ocean bed, laising it 
from the depths and carrying out tests to locate any lauUs. When the exact jiosition of tlie 
fault IS found the cable ship sails to the spot and again the cable is brought to the surfdce. 
Kafts may be used by the men carrying out the repairs. Our photograph shows some of the 
grapnels in use on H.M.T.S, MotiuYih. 
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of the picture actuates a photo-cell, and 
originates instantaneously a pulsating 
electric current proportional to the 
varying tones of the picture ; the 
lighter the part of the picture the 
greater the current. The photo-cell 
current is extremely small and it is 
accordingly amplified in a valve ampli- 
fier, after which it is transmitted over a 
suitable telephone line. 

At the receiving end the current is 
amplified in a valve amplifier and is 


applied to the terminals of a Kerr cell 
or an oscillograph. The cell controls 
the intensity of a light spot which scans 
spirally as at the sending end by being 
projected on to a photographic film 
mounted on a drum rotated at exactly 
the same speed as that at the send- 
ing end. The film is taken from 
the drum in a dark room where it is 
developed, fixed and printed in the 
usual way. 

Both before and after transmission 
the operators at both stations 
speak to each other over the 
wire by means of telephones 
connected to the picture 
apparatus. In due course 
the receiving station repoits 
whether the picture has been 
received satisfactorily 01 
not. 

The advantages of putuie 
telegraphy are many, some of 
which wc have already learned 
to appreciate by photographs 
in the daily papers, taken 
hundreds or even thousands 
of miles away on the previous 
afternoon. Chinese char- 
acters, shorthand, finger- 
prints, and even delicate lace 
designs have been sent by 
this form of telegraphy. 

By Wire and Wireless 

At present of course it is 
chiefly the newspapers which 
make use of picture tele- 
graphy, but it is quite likely 
that as time goes ort and more 
stations are opened which 
cater for this kind of tele- 
graphy there will fbe a big 
increase in its general use. 

It may be, too, that a 
shorter and more distinctive 
name will be adopted in place 
of " picture telegraphy ” as 
the service becomes more 
popular. The word “ Teli- 
con " has been suggested as 



LCA. 

PAVING OUT THE CABLE 

different t>peaoi sheavuaare fitted on the cable ships. 
The bow sheaves are used for repan work or laying 
sliort cable s, while the stem sheave is used when laying 
long cable Here, the cable is running over a special 
platlorn and 8hca\e at the stem of a steamer. 


MESSAGES AND PICTURES BY WIRE 
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MILES OF SUBMARINE CABLE IN STORL 


Post Ofji 4 


Ihf Post Olhct hds four cible depots it Woolwich Dover Dalmuii (Clvdo) 'ind hdsldnc in the 
Gdirlooh where bubnidnne cdbles can be stored in speci dl> constructed tinks Ldeh depot 
hds tl)Out nine of these tanks and our photograph shows one at Woolwich with vinous t\pcs 
of cable in the same tank Normally these tanks are kept full of water as thi insulation 
deUriorates if cable is kept out of water for an\ hngth of time 


being m line with the well-established 
' telegram " and telephone " 

The Post Office controls and works all 
the wireless, telegraph and telephone 
systems m the country and a good deal 
of work has been done to co-ordinate 
these varied sei vices The question 
of competition between them scarcely 
aiises since one method is suitable for 
certain cases while for a different pur- 
pose another method is found best. In 
some cases one helps the other and a 
message may begin its journey across 
the world through the telephone, then 
go by cable across a wide stretch of 
ocean to be passed on finally by the 
radio opeiator on a wireless station to 
his colleague in the cabin of an ocean 
liner. 

At different times the Post Office staff 
have sought an answer to the question 
What are the reasons which (Jeei4e the 


choi e by the ordinary sender between 
the telegraph and the telephone 
message ^ 

Certain types of messages must 
obviously be sent by telegram For 
example, telegrams pf congratulation 
and good wishes in connection with 
weddings and other social events 
are scarcely suitable for telephoning 
Imagine the plight of bride or bride- 
groom at the wedding reception if a 
score of friends from near and afar all 
decided to make use of the telephone 
to convey their good wishes ’ 

Ihen there are many business mes- 
sages of which it IS desirable to have 
a wiitten record Here again the 
telegraph scores over the telephone. 
In the case of short-distance messages, 
especially where an immediate answer 
IS desired, the telephone is generally 
much more convenient 
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PREPARING THE PHOTOGRAPH FOR TELEGRAPHING 


Povt OJfi(e 


Photograflis arc now sent regularly by telegraphy Our illustration shows a print which has 
bet'll haiiile<l in to the Post <’>fliie for transmission liCing clipped on to the dniin in readiness 
for sending through the wires by a pulsating electric current which gives every gradation of 
the different tones in the pi< tute This current operates a pencil of light at the lecciving end 
and so produces j photographic negdtive from winch prints can bo made 


At one time it was apt to be assumed 
that, so far as its social side was con- 
cerned, the telegram was the beaier of 
bad news That idea is dying out 
to-day. Actually less than two per 
cent, of telegrams come into this cate- 
gory, while about four per cent, carry 
congratulations. 

In an analysis of trade telegrams it 
was found that " fish ” messages 
amounted to nearly nine per cent, of 
the total, and it was clear that the tele- 
graph service plays a big part in the 
buying and selling of perishable goods 
such as meat, fruit and vegetables. 

The way in which the telephone and 
telegram are complementary to each 
other is seen in the fact that nearly 
three-quarters of all telegrams come 
from the senders to the Post Office by 
telephone. 


In this chapter we have dealt only 
with messages and pictures conveyed 
by electric current through wires. The 
British Post Office have of course 
control of the largest network of radio 
communications in the world. By Act 
of Parliament passed in 1904 the 
Postmaster-General became the sole 
licensing authority for wireless tele- 
graphy and telephony and all wireless 
apparatus installed in thisf country 
or on board British ships. 

It will be seen therefore that the three 
services, Telegraph, Telephone and 
Wireless, are not working in com- 
petition with each other biit can be 
used to supplement each other. When 
some now invention or revolutionary 
method comes along in any sphere 
there is a tendency at lirst to think 
that the new will oust the old system. 




G P I 

Aftti lonj; and pT-titnl tins cable h.is bitn hooked and brought s-ift ly to the siirfice 

for repairs Two men, lowered on bosun’s chins hs\t mule the cable last on both sides ed 
the point at whtih it will be cut At the top of th< chains wf see parts of the bow shcaMs 

ol tht ship 
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G P.A, 

A NICE UTTLB FISH-HOOK! 

Ihe grapnel, having done its work, is 
made fast over the bow she<^ves, of 
which you will see, there are three 
Grapnels of vanous forms are used to 
cope with different conditions of 
dragging 


telephone in making swift com- 
munication. 

The telephone is in the main a 
short-distance service while the 
telegram is more generally used 
over longer distances. Taking 
an average of all telegrams sent 
in this country the message sent 
via the teleprinter travels about 
150 miles. The average tele- 
phone di.stance is very much less. 

Whatever new devices and 
improvements may come along 
it IS safe to say that in the next 
few years the telegraph services 
will be able to give the British 
public an increasing numbei of 
advantciges as old systems are 
improved and new ideas are 
brought into piactice. 



'Thus the rapid advance of the 
telephone service in the years 
before the last war led many 
people to believe that the older 
telegraph system would rapidly 
become out of date. Radio, too, 
seemed likely to oust the old 
telegraph and cable systems 
when first its wonders and possi- 
bilities became apparent. The 
actual outcome, however, has 
been that radio has its own dis- 
tmet field, and it is not a com- 
petitor with either the tele- 
phone or telegraph services. 
For inland service the tele- 
graph has become even more 
important as a partner with the 



Post Offict 


PICTURE TELEGRAPHY 


Pictures are uuw telegraphed manv litindreds of 
miles Our fllustration shows the photogiaph of a 
youngster playing on the sand which was sent as a 
telegram from the ( ontinent 


THE TELEPHONE AND HOW IT WORKS 



bietnens Brothers Ltd. 

A SUBMARINE TELEPHONE CABLE 


'fM,. . iNi** from which this sample was cut mas along the bed of the North Sea from England 
to Holland. It has i6 copper conductors. The letters on the illustration indicate : A and C, ’ 
jntc serving; B, galvanised wire armouring ; D. oiled paper ; E, lead sheath ; F, cotton tajxj ; 
G. pa|)er wrapping ; H, paper insulation ; J, spiral wire, wound round K, conductor, to improve 

the transmission of speech. 


H AVTN(i dealt with the first means 
of sending messages electrically 
— the telegraph — we will dis- 
cuss the second means — the telephone. 
In its action, if not in its working prin- 
ciples, the telephone is a much more 
delicate apparatus than the telegraph. 
'J'he telegraph transmits pulses of elec- 
tricity at a rate limited to thousands a 
minute ; the telephone transmits elec- 
trical vibrations numbering thousands a 
second. It is therefore able to respond 
to the very quick vibrations of the 
human voice and other sounds, and 
makes it possible to transmit sounds, 
as opposed to signals, very faithfully. 

The first practical telegraph, the 
needle instrument, was produced in 
1837. The telephone did not .appear 
till much later. On July ist, 1875, 
Mr. Charles Watson, assistant to Alex- 
ander Graham Bell, a Scottish doctor 
who was professor of vocal physiology 
at Boston University, heard words, 
transmitted by electricity, which were 
spoken by Professor Bell in another 
room. He could not distinguish the 
meaning of the words but he was sure 


that the sounds were words. After a 
little more experimenting the day came 
(March loth, 1876) when Bell, who will 
always be famous as the inventor of the 
telephone, heard quite clearly some 
words uttered by his assistant, and sent 
back to him the first telephone message 
ever transmitted : Mr. Watson, please 
come here ; I want you." This was a 
memorable day in human history, for 
it may be regarded as the birthday of 
the telephone. 

Bell’s First Telephone 

Though the instrument originally 
used by Bell was soon improved out of 
use, it deserves a short notice. At the 
back of »ts mouthpiece was a tightly 
stretched parchment disc, connected 
to a small strip of iron, one end of 
which was fixed and the other near the 
pole of an electro-magnet. The coil of 
wire wound on the magnet was con- 
nected at one end to earth, and at the 
other to a wire running to a similar 
instrument elsewhere with its own 
earth wire. When the telephone was 
in use it was necessary to use the same 

189 



in 1870 and later bccanu; Ji professor of vocal physiology at Boston Univt rsitv. S A 



Rischgitz. 


Soon afterwards, Bell, the “ Father of Telephony/* substitrited permanent magnets for the 
electro-magnets of his first instrument. This illustration shows his " magnetic " telephone, 
the principle of which is still used io all modem telephone receivers. 





RisckgUz. 

This is a teleplione switchboard such as was used in telephone exchanges sixty years ago. It 
looks very crude beside the wonderful switchboards of to-day. But at that time telephony was 
only four years old. and teleplione subscribers were very few, so that it was probably large 
enough to meet the needs of a big town. Nowadays there are over 3,000 automatic exchanges 

in rural areas in this country. 
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transmitter for both voice and ear. 
The words uttered near a mouthpiece 
caused the parchment disc and iron 
strip to vibrate. The movements of 
the iron strip in the " field ” of the 
magnet disturbed what are called the 
“ lines of force ” of the magnet, and 
produced variations in the current 
flowing through the coil and line 
corresponding in frequency to the 
vibrations of the voice. These current 
variations altered the pulling power of 
the magnet in the instrument at the 
other end of the line, so that it moved 
its iron strip and the parchment 
attached thereto in exact time with the 
movements of the other parchment. 
Waves set up in the air by the disc of 
the receiving instniment reproduced 
the words spoken into the transmitter. 

Bell soon improved his first instru- 


ment by using permanent magnets 
in place of electro-magnets in his 
apparatus. The new device served, 
like its predecessor, for both sending 
and receiving. Its construction was 
practically the same as that of any 
modem receiver — the thing which you 
lift off the instmment and hold to your 
ear when you ring up or answer the 
exchange. If we took this to pieces we 
should find an iron disc at the back of 
the mouthpiece, very close to one pole 
of a long bar permanent magnet. Round 
the disc end of the magnet is wound a 
coil of wire, the two ends of which are 
connected to the wires in a flexible cord 
entering the back end of the instrument. 

Bell’s second telephone outfit con- 
sisted, then, of two of these instruments 
connected by two wires. When one 
was spoken into, the vibrations of its 



Telephonic communication with practically every country in'the world can be madofrom Britain, 
and all such communications pass through the international Telephone Exchange at h'araday 
House, London. Here we have a view of the operators at v^ork on one section of the big switch- 
boards. and the names of a few of the very many distant places with which telephonic 
connection is made can be seen above the boards. 



THE TELEPHONE AND HOW IT WORKS 


193 



/v>s/ Offuf. 

THE HAND MICROPHONE AND ITS PARTS 

Our illustration sliows the hand -microphone telephone instrument now in general use throughout 
the country. In the diagram on the top right-hand side are shown (1) the transmitter contacts, 
with (2) the mouthpiece into which one speaks; (3) the transmitter, (4) the receiver electro- 
magnets, (5) the receiver diapliragni, and (6) the receiver cap, or car cap, which brings the voice 
of the speaker at the other end to the listener's ear. The position of these dilierent parts is 
shown 111 the drawing on the left-hand side. In soino instruments the bell is contained in the 
base or it can be a separate attachment on the wall. 

iron diaphragm altered the lines of force at each end of the line, connected 
of the magnet and caused tiny currents together and to the line wires, 
to be “ induced ” in the coil round it. 

These currents, passing through the Modern Telephones 
line, affected the magnet in the other While the Bell permanent-magnet 
instrument, alternately strengthening instrument has been retained for re- 
and weakening its pull on the iron disc ceiving, great improvements have been 
near it. So this disc vibrated in time made in transmitting apparatus. At 
with that at the transmitting end, and the back of the mouthpiece into which 
reproduced the sounds. In order to one speaks is a device called a micro- 
carry on a conversation it was only phone. This consists of carbon grains 
necessary to provide two instruments packed between two carbon plates, 
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which aie connected with the poles of a 
battery. The current flows from one 
pole to the other through the grains. 
The vibrations of the voice shake one 
of the plates and vary the pressure 
between the grains, which pass 
current more freely when pressed more 
tightly together. The receivers at 
each end of the line may have no 
direct connection with the transmitters. 
Currents produced in a transmitter are 
imparted to the circuit containing the 
line wires and receivers through a thing 
called a transformer or induction coil. 
This has two separate windings of 
insulated w'ire round a single iron core. 
One winding forms part of the micro- 
phone circuit, the other is part of the 
line w'ires and receivers circuit. So 
wlien either transmitter is spoken into 
and currents pass through its coil in the 
transformer, currents are induced, or 
formed by sympathy, in the line wires 


and the receivers at both ends of the 
line. The transformer windings are so 
arranged that the induced currents are 
at a higher pressure than the micro- 
phone currents, and therefore able to 
travel more easily through the line. 

Every telephone instrument is pro- 
vided with a bell, which attracts 
attention to it when a distant person 
wishes to speak ; and w'ith a switch 
which puts the bell “ in circuit " with 
the line when the receiver is hung on 
its hook. 

So extraordinarily sensitive is the 
telephone that a movement of a trans- 
mitter disc at one station through a 
lo-millionth part of an inch will cause a 
corresponding vibration in the receivei 
of another station I This gn at sensitive- 
ness of the receiver is such that it is 
necessary to use two line wires in a tele- 
phone circuit, one taking the place of 
the earth return ** in telegraphy, to 



A SMALL TELEPHONE EXCHANGE 


}'o\t Office 


In m.iny oHices u private telephone exchange is installed and oui photogriipli shows a small 
telephone switchboard with three lines from the main exenange by which outside subscribers 
lan be connected with any of the different departments in the ollicc. The operator uses an 
ordinary telephone instrument which will have a dial if tlie main exchange is automatic. 



In tins photograpli v\e have a vuw ot the mam trunk lines svvitthboird at 1 aradav House, 
tlic lekphont Services Heidcpiarttrs in London It will be noted that this is a manu il 
(\(harige as the autoin itK system is imsuitcd foi tiunk tills Sunn jdoi ol the thousands of 
comuttioris in ide Ironi difhrtnt exchanges uid siibstribi is in 1 ondon or in other are is which 
I 111 be hi si linked with some dist n t town thron , I ondon tan be gitlured from tin long 
line of opi 1 itors all kejit fully employed tlin ig the busy hours of the day 


avoid intnfcii iicr from stiay earth 
t urreiits 

Apart fiom liunian speech, the tele- 
phone IS apj)hed in many ways to the 
picking up of faint souncls oi elettiical 
vibiations. One impoitant use is the 
leccption of wiieless signals 

Telephone Exchanges 

'Ihc usefulness of the ttdephone 
depends laigely on the possn ity of 
useis being able to get c]uickly into 
comniunication with each other. The 
wiies of every telephone in a distiict 
run to a switchboard in a building 
called a telephone exchange, whcie any 
pair can be connected in a moment with 
any other pair ending there, or, through 
connecting lines, with any pair ending 
in anothei exchange 


Ihe connection is usually made by 
hind But veiy many exchanges aie 
automatic, and a subsciibci, by woik- 
mg a dial at his instiument, can call 
up any other subsciibei. 

lln* automatic exchange, as it is 
called, may be compaied to a motor 
Cdi It has no mind ot its own, 
but will respond exactly to proper 
guidami It lings up any nnnibei 
wanted, signals if the number is en- 
gaged, cuts off subsciibers at thi‘ end ot 
a talk, and recoids the call Seldom, 
if ever, does it make a mistake. 

The mechanism of an automatic 
exchange is so veiy complicated that 
it can only be explained in technical 
terms. Just to give you some idea of 
Its complexity, we will tell you this : 
In an exchange with 9, 999 subscribei's 
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the switching is able to make any one 
of 2,400,000,000 different connections. 

By Night and Day 

But we can at least explain some- 
thing about automatic telephone 
working. The automatic exchange is 
rapidly ousting the manual exchange, 
and for several good reasons. It gives 
quicker service, and as good service by 
night as by day ; and it is quite secret. 

In the London area we can say that 
it has been almost completely adopted. 
And a sign of this is that in the London 
Telephone Directory, and in many 
provincial directories, the first three 
letters of every exchange are printed 
in heavy capital letters : GERrard, 
HOLborn, Victoria, CHAncery. WIM- 
bledon, and so on. In using a dial 


instrument one has merely to dial the 
first three letters of the Exchange 
required, followed by the number. 

Let us have a look at a telephone 
instrument used by a subscriber con- 
nected with an automatic exchange. At 
the base of it is a dial with ten holes in 
its face near the edge. Behind the holes 
we see the numbers i, 2, 3, 4, 5, 6, 7, 8, 
9, o, in this order. We see also letters 
of the alphabet, except behind hole 
No. T, in this fashion : 

ABC DEF GUI, and so on 

234 

Suppose that a subscriber wishes to 
ring up someone on the — well, let us 
call it the HAMbledon — exchange. He 
lifts off his receiver, puts a finger in the 
H hole, and turns tlie dial clockwise till 



Tins IS some ot the very wonderful apparatus which connects subsrrib«*rs in an automatic 
telephone exchange. When a subscriber " rings up*’ the exchange, one of the many " selec- 
tors " seen in the racks will at once begin hunting for the number for which he has asked by 

working the dial on his instrument. 



WHERE MACHINERY REPLACES FINGERS 



Crfneral Flectrvc Co ) ti 


In another pait of an automatic ixchancjc will be found the extraordiuaiily ingenious iU\Kes 
called *' directors, which enable a subscribe r to put through a call to an> exchange in his an a 
Even if his call has to pass through two or three intermediate exchanges to reach the subscriber 
wanted* the directors clear the path for him in obedience to the three code exchange letters 
which he dials bcfoic giving the number 
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his finger comes up against a stop. 
Then he withdraws his finger and the 
dial turns back into its original position. 
The letters “ A and '' M '' are dialled 
in the same way. Immediately the 
dial has returned into place for the 
third time he is “ through to the 
Hambledon exchange. 

He may have to go through two, or 
even three, exchanges to get Hamble- 
don. It doesn’t matter, the code will 
perform the task thoroughly, for things 
are so arranged that no tw'o ( xchanges 
have the same first three letters in 
the same order or of the same value. 
Our subscriber then dials the number 
wanted immediately after dialling the 
letters of the exchange. 

As in telegraphy, experiments arc 
continually being made to improve 
and extend the uses of the telephone. 
Not only the Post Office technical 


staff but the communications engineers 
on our railways are carrying out 
development work which will combine 
the ordinary telephone system of the 
country with radio telephony. 

It is possible that in the near 
future a business man travelling from 
London to Newcastle by train will be 
able to ring up his office in the City 
and talk over the telephone with a 
member of the staff just as easily as he 
could make the call from a town office. 

Another application of this .system 
IS designed to equip all railway break- 
down trains with apparatus which will 
enable them to commiinicate with 
headquarters through the nearest signal 
box, the operator in the box switching 
the conversations on to the normal 
railway telephone system. 

The invention of the telephone 
du^ to w'hat might be called 
the hobby of a medical 
man who specialised 
in vocal physiology 
and was interested in 
sound and phonetics. 
He experimented in 
transmitting sound by 
electricity and by light. 
The outcome was the 
first telephone instru- 
ment seen on page 
190. 

Graham Bell lived 
until 1922, long enough 
to see the telephone 
become an essential 
part of business and 
family communication 
throughout the world. 
The centefiary of his 
birth was Celebrated in 
1947 by engineers in 
many coipitries, and 
there are many thou- 
sands of people to-day 
who owe a debt of grati- 
tude to the Scottish- 
American doctor whose 
pioneer efforts produced 
the first telephone. 


was 



(reneral I letin' Co , Ltd. 

THE CALLING DIAL OF AN AUTOMATIC TELEPHONE 

To signal any letter or figure, the subscriber places t^e tip 
of a hngcr into tlie hole through which it shows, and revolves 
the dial in the direction taken by a clock’s hands, until his 
finger strikes the stop at the bottom As the dial flies back 
after being released the signal is sent. 



THE MARVEL OF RADIO 



Ellison Hawks 

VALVES USED BY EARLY EXPERIMENTERS 

The invention of valves for wireless came about in 1904, marking one of the greatest advances 
in the reception of sounds and signals through space. A valve is not only a receiver, but also 
an ampliher. VVe see in the above print some types of early valves. Wireless telegp-aphy is 
now a little more than forty years old, and wireless telephony was invented more recently. 


T urning on the radio to-day 
is just as easy as turning on a 
tap to obtain water, but it is 
much more exciting. A water tap will 
give hot water if it is a hot water tap, 
or cold water if it is a cold water tap. 
But we all know that by turning the 
right switch on a modern radio set, 
we can listen to any of a dozen or more 
different programmes. 

There is a great romance behind this. 
It all began in this country in the year 
1867. In that year a great British 
scientist named James Clerk-Maxwell 
suggested that it might be possible to 
create waves of electricity which would 
travel through space at the same '^eedas 
light. These waves were not discovered 
until 1887, when Heinrich Hertz, a 
German professor of physics, made his 
famous discoveries, on which '"wireless," 
as we familiarly call it, is based. 

Passing Through Space 

Hertz used an induction coil to make 
sparks jump across the space between 


two brass balls, just as the magneto 
of a motor car makes sparks jump gaps 
in the cylinder sparking plugs. He 
found that, if an almost complete ring 
of 'vire were held near the apparatus, 
spa^’ks appeared in the gap between 
its ends. Waves of some kind had 
passed through space from the one 
thing to the other, setting up currents 
in the second. 

Once scientists had discovered that 
electrical waves could be pass^'d 
through space they began to experi- 
ment on finding better and better 
means of generating these waves at the 
transmitting end and better and better 
means ui picking up the waves at the 
receiving end. One of the most im- 
portant further discoveries was made 
by Sir Oliver Lodge, a Birmingham 
scientist. In 1897, Sir Oliver, 
who was then Mr. Lodge, found that 
if the sending circuits and receiving cir- 
cuits were tuned with each other the 
reception of wireless signals was very 
greatly improved. 



THE WIZARD OF MODERN WIRELESS 





, SpMuUly ftrawn jot ihts work. 

At tirst sight a wireless valve might be mistaken for an electric lighting bulb, but the resemblance 
is really only superficial. The device is called a valve because it allows current to pads through 
it in one direction only. The electrons forming the current jump from the glowing filament 
to a small plate, on their way traversing the coils of a " grid,” which varies their flow. 
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HOW CURRENT COES THROUGH VALVES 



SpecXitUy drawn for thts work 

This pictorial diagiam explains how a val\e catches electrical pulses coming through the ether 
and makes use of them The tiny currents set up by wireless waves in the aerial reach the 
regulating grid of the valve through a grid leak and condenser The low-tension battery is 
connected with the filament of the lamp to make it glow and supply electrons which are sucked 
in gusts through the plate and headphones by the pull of the high tension battei> 
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What is meant by tuning ? 

The easiest way to understand what 
IS meant by tuning a radio re- 
ceiver IS to think first of all of an 
ordinary tuning fork pitched, or tuned, 
to a particular note, say, the middle C. 
If this tuning fork is set in vibration 
and another tuning foik of a different 
pitch IS brought near it, the second 
fork nmII not respond very much to the 
vibrations of the hrst tuning fork, 
because its natural period of vibration 
IS dilfcient If wt now bung a third 
tuning fork which is tuned to exactly 
the same note as the first one and 


placed at some distance away from the 
vibrating fork it will immediately 
respond to the C note, because the 
sound pulses from the first tuning 
fork reach it at just the right intervals 
In other words, if we wish to make 
any tuning fork give out its note , this 
is easily done by striking it against 
some hard object, but if we wish to 
keep the fork sounding continuously 
we must supply it with a senes of very 
rapid impulses which correspond to 
the frequency or note to which it is 
tuned In the example mentioned 
above, thi first tuning fork was sending 
out sound waves at 
just the right fre- 
quency to start the 
similarly tuned fork 
vibrating in sym- 
pathy. 

Now, it so happens 
that the electrical 
circuits used in radio 
transmitters and n 
ceivers behave rather 
like tuning forks, but 
instead of the vibra 
tions being mcchani 
cal vibrations which 
we hear as a musical 
note these circuits 
vibrate or oscillatf 
electrically I hese 
circuits have anotlu r 
convenient propc rty, 
namely, that by the 
turning of a con 
denser knob they can 
be tuned to rcsjH)nd 
to diffen nt electrical 
notes or frequencies 
Sir Qliver Lodge 
discovered that if the 
receiving circuit is 
tuned ^o the same 
frequehey as the 
transmitting circuit 
the radiations or 
waves sent out from 
a transmitter would 
be picked up by the 


* t 
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PROGRAMMES FOR OlHER LANDS 


One branch of the B 1 C , known as tho Transcription Service 
records special programmes on lightweight discs an 1 these are 
supplied to bioadcasting organisations all over tho world 
partirularl> countries oi the ( ommonwcalth Iji the pi olograph 
at)ove a receirding is being made of the programme which »s litirig 
played in the studio on the other side of the window 
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receiver through its 
aerial very much more 
easily than would be the 
case if the circuits were 
not tuned. 

To-day when we tune 
our radio receiver to 
any particular broad- 
casting station we are 
making use of this im- 
portant discovery. 

One of the first men 
to apply these dis- 
coveries on a commer- 
cial scale was an Italian, 
Guglielmo Marconi. 

Across the Atlantic 

In December, 190T, 
wi:ci;.;^ signals were 
sent across the Atlantic 
for the first time, and 
really long-distance 
wireless telegraphy 
began. The current 
needed to emit signals 
was now supplied by 
electric generators giv- 
ing out hundreds of 



horse-power. For re- 

ceiving signals the on the light programme 

. 1 j . ° 1 . t In this photograph thu i.ontiniiity linginocr is at the control 

crystal detector, which position, selecting the various prograrnine items, time signals, 

was later used in the etc., m their proper turn. The programme IS " failed up ” and 

rlnmpc;tir wireless adjusted to the proper volume, while the exact times of all 

\ " programmes, wuth technical details, arc entered in the log Ixiok. 

sets, came into use, for ^ ^ 

it was discovered in 1906 that if the a very simple form of valve known as 
currents from the aerial were made to the Fleming Valve. This was improveil 


pass through a crystal touching a piece of 
metal — or through two crystals pressing 
on each other- and a telephone head- 
piece, the signals could be heard even 
if too weak for other kinds of (k'^'^ctors 
to pick them up. 

At that time all radio signalling was 
done by the dots and dashes of the 
well-known Morse code invented by an 
American, Mr. S. F. B. Morse. The 
next important step forward was the 
discovery of the radio valve. Pro- 
fessor J. A. Fleming, who later became 
Sir Ambrose Fleming, took the first 
step towards this discovery. He made 


by au American, Mr. Lee de Forrest. 
In its improved form the valve enabled 
speech and music to be broadcast and 
received at great distances with sur- 
prising ckarncss. 

This rapid progress in the technical 
development of Radio was accom- 
panied by a very great public interest. 
Experiments by private individuals 
and large manufacturers had shown 
that it was now quite possible for 
every one to have an inexpensive home 
radio receiver, which could be tuned to 
pick up radio programmes from a 
large number of different stations. Six 
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“HERE IS THE NEWS’* BBC 
Most import.iiit of .ill regular items broadcast 
by the M H C are the news bulletins Our 
photograph shows one of the best known 
of the team of news readers and announcers, 
hrank Phillips about to road the news in 
the Home Service 


lAL KNOWLEDGE 

of the largest electneal manufacturers 
combined together to form the British 
Broadcasting Company. These manu- 
facturers were : The Marconi Co., The 
General Electric Co. Ltd., The British 
Thomson - Houston Co. Ltd., The 
Metropolitan Vickers Co. Ltd., Siemens, 
Ediswan Co. 

For a period of two years the 
B.B. Coy. transmitted broadcast pro- 
grammes which were available to any 
one possessing a ladio receiver. At 
the end of this period the Company 
was taken over by the Government and 
became The Bntish Broadcasting Cor- 
poration. This occurred in the year 
1925, and the Corporation still func- 
tions as a national concern under a 
charter from the Government. 

How Radio is Broadcast 

What happens when you tune in the 
radio to a particular bioadcdsting 
station ? 

In order to answer this question let 
us pay a visit to Broadca‘^ting House 
and enter the studio from where the 



ALL READY FOR THE CONCERT BROADCAST 


In thi& photograph we have a cinema which has l>een specially arranged as a concert hall for 
a B B C. broadcast 1 he task of making the necessary arrangements for broadcasts from 
halls outside the studios at Broadcasting House is all in the day’s work of the BBC engineers 
. and other experts 
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next item on the Horne Service pro- 
gramme is being broadcast. 

We should find that the studio is like 
a moderately sized concert hall with 
platform for the artists, orchestra and 
audience. The walls of the studio arc 
covered with curtains to prevent 
echoes. At one end of the room will 
be seen a large clock face with the 
seconds hand revolving steadily, so that 
the programme announcer is able to 
begin and finish to the second. 

Whilst the audience have been enter- 
ing the studio the microphone has been 
disconnected from the broadcasting 
systcMii. As the time approaches for 
the broadcast to begin the doors of the 
studio are closed and a red light 
flashes on to tell the announcer that 
the r.errophono is now '* live,'* so that 
any sound which reaches it will be 
broadcast to the listening millions. 

After the opening announcement the 
artists come up to the microphone and 
go through their performance, the 
orchestra strikes up at the appropriate 


OF RADIO 



It 11 

THE HOME OF BROADCASTING 

IJroadc.'isti ng House, J*o»tland Idace, Lon- 
don, W.i, is> tlic main hcadquarttTs of the 
B.B.C. There are regional headquarters 
ill the provinces. 



IN THE CONTROL ROOM 


B.B.C. 


The task of the engineers is of paramount importance, and in this photograph we seo some of 
the operators on duty in the Control Room at the B.B.C. headquarters. 





AT THE B.B.C. TRANSMIHING STATIONS 



li.n.c. 

The upper photogiapli is of a short-wave tiansiiiitting statioi:, while the one below is a medium- 
wave transmitter. Ihese stations arc at Brookman’s Park, North London, from where many 
of the B.B.C. programmes are transmitted on different wave-lengths so that the listener in 
his home can tune in his receive the particular programme desired. 
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"CALLING ALL CARS! 



Wurcont i le^egfafk Co 

SiotltiiiJ \ard and oilier police headquarters make considerable use of r ulio in these da\s 
v\heri the law bre«iker also has at his lisposal scientific devices and rapid transport lieie 
\\c see an up-to-date police car httccl with Marconi \\ircKss equipment for conimuiiRating 
\Mth Headquarters or with other police cars 



Mafiom s It inltss 1 clfyraph to 


All sorts and all sizes of wireless recc ivers can be obtained these da vs but a wiieliss tiansniiltcr 
presents more dilficnlt problems Here we see a Marconi portable held equipment loi com- 
munication on short-wave (tiansmitter, leceiver and pedal generator) in actual use 
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moments and the sound-effects man 
approaches the microphone from time 
to time with his special apparatus to 
produce the various sounds which may 
be required to convey the right atmo- 
sphere of the broadcast, the opening and 
closing of a door, the dropping of croc- 
kery, the withdrawal of corks from 
bottles, the sound of waves breaking 
on the seashore. In fact, almost any 
desired sound can be supplied to order. 

Put on the Air ** 

The artists* scripts are typed on 
special paper which does not rustle 
when the sheets are turned over, 
Ix'cause any rustling would be heard 
on a magnified scale by millions of 
listeners. 

The audience in the studio may con- 
sist, of, perhaps, 200 people listening 
with all ears. There is in addition, one 
artificial ear which listens for the 
millions of people who have just tuned 
in their sets to hear the broadcast from 
this particular studio. This artificial 
ear is what we all know so well as the 
microphone. The jokes, the music, ^ 
the sounds of opening and closing doors 
and the other sounds incidental to a 
broadcast cause a tiny coil in the 
microphone to vibrate or tremble in 
perfect sympathy with each and every 
sound. Tliis tiny coil is finely poised 
between the poles of a powerful magnet. 

Many years ago it was discovered 
that if a coil of wire was moved to and 
fro between the poles of the magnet, 
small electric currents were generated 
in the coil, the strength of these cur- 
rents depending upon the amount of 
the to-and-fro movement. This is 
exactly what happens to the micro- 
phone coil whilst the broadcast is going 
on. The tiny currents which are set 
up in the coil, corresponding to the 
various sounds reaching the micro- 
phone, pass through an electric cable 
into the control room of the trans- 
mitter. From the transmitter wireless 
waves are being radiated from the 
aerial. These waves are tuned to a 
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certain wavelength, i.e., for the Home 
Service programme 342 i metres. 

By an ingenious arrangement of 
valves, the microphone sound current 
is first made much greater or amplified 
and then fed on to the control grid of 
the large transmitter valve. The 
sounds from the studio are in this wav 
radiated into space from the aerial, or 
** put on the air,’* riding on the back of 
the main carrier wave which is being 
transmitted. 

When you tune your set to the Home 
Service wavelength of 342- 1 metres 
your set becomes resjx^nsive to this 
particular carrier wave which, as we 
have already seen, is now carrying on its 
back the sound current as produced in 
the studio microphone. The circuits 
and valves in.side your receiving set 
reverse the process which has taken 
place in the transmitting station. Th('y 
separate from the main carricT wave th(' 
sound current which was originalh' 
superimposed on it, and they deliver 
this sound current to the 'speech coil of 
your loudspeaker. 

Now the loudspeaker is veiy much 
like the microphone : it contains a 
powerful magnet with a coil of fine wire 
poised between the poles. Attached to 
the coil is the diaphragm of the loud- 
speaker. 

When the sound current passes 
through the speech coil of your loud- 
speaker the coil begins to move to and 
fro, or vibrate, exactly in sympathy 
with the moving coil in the studio 
microphone. This moves the large 
diaphragm of the loudspeaker so that 
it gives out exactly the same sounds as 
those which are being h^ard in the 
studio by the artificial ear, or micro- 
phone. I 

Sight and Sound [ 

Most of us at some timd have heard 
or read the fairy tale about -the Princess 
who possessed a magic mirror. By 
looking into this mirror she was able 
to see what was happening at places 
far distant. The modem television 



IN A SHORT-WAVE TRANSMITTER 



&)mc idea cjf tl.u equipment used in a mudern broadcastiuR trtnsm.n,r”’ * 

«ic above photograph, which sliows a pre-tuned circuit tru?lc ^ from 

Marram ira kw. short-wave transmitter. A separate truck it used few “ 

It 18 desired to tune the transmitter so that frequency chaneinir^t^sim J ^ frequency to which 
one truck and replacing wu“IZher ^ 
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receiver has brought the Magic Mirror of 
the Princess into actual existence. The 
development of the present-day tele- 
vision set would make a long and highly 
technical story. Some brief details of 
this development will be found in a 
later chapter " The Magic Mirror." 
Here we will just say that in the Broad- 
casting studio a camera, fitted with an 
electric eye looks at or " scans " the 
scene which is to be televised. Tiny 
electric currents are set up in a wire 
connected with the electric eye and 
these currents are amplified and broad- 
cast. In the television receiver a 
wonderful device known as a cathode 
ray tube is used for reproducing the 
scene which is being observed by 


the electric eye camera in the studio. 

From Radio to Radar 

Long before the 1939 war began 
British scientists had been working in 
secret upon a most exciting discovery. 
It had been found that wireless waves 
sent out from a transmitting station 
were sometimes reflected back to the 
station when they met any obstruction, 
such as an aeroplane in the sky or a 
ship at sea. By using a cathode ray 
tube and connecting it to the trans- 
mitter it was found that the tube 
would show a picture of the wav(* sent 
out. It was also found that if the broad- 
cast wave was reflected back fiom any 
object it would appear on the screen 



Some 15,000 schools listen to one or more of the senes broadcast by the BBC in their Schools 
programme, and thia number is steadily growing About fifty broadcasts are given each week, 
covering a wide variety both of subjects and of age One of the most valued services over a long 
period has been " Music and Movement ” for the younger children by Ann Driver, and in the 
picture above we see the class learning a new song. 



211 


THE MARVEL OF RADIO 


of the catliode ray tube a little 
distance away from the trans- 
inittcd wave. 

By working on, and perfect- 
ing this discovery, British scien- 
tists were able to set up round 
our coasts a number of Radar 
stations which enabled watchers 
to see on the Radar screen any 
aircraft appioaching the coasts 
when they were many miles 
distant. It will be appreciated 
that this was of immense im- 
portance to us dui mg the war. 
Modern aiicraft fly at about 4-5 
miles a minute. Without Radar, 
airciaft could only have been 
spotted when they were about 
five miles away from the coast 
andtl n only in a cloudless sky. 
These enemy aircraft might be 
flying at a height of 'about 
20,000 ft. 

Our swiftest fighter aircraft 
lequired several minutes to 
climb to that height and with- 
out Radar our only way of 
intercepting bombers would 
have been to keep many squad- 
rons of fighter planes continu- 
ally in the air. Now a swift 
fighter can only remain aloft for 



BIG BEN AND “MIKE” 


« «.( 


Many a time >ou ituist ha\c set \oiir watcli b\ the 
deep sonorou'' notes of Hig Ben, uhith readied \()iir 
ears from t ninsUi b> means of winkss litre 
IS the monsitr hdl witli llie rnbbtr to\» red initio 
pi jiie m position up abo\c 


an hour or so b(‘fore it has to lotuin to 
its base for refutlliiig, and while it is 
flying it uses up petrol at an alaiming 
rale, i.e., from joo-600 gallons per hour. 

It is no exaggeration to say that 
without Radar our air defences would 
have been thrown into chaos if several 
groups of enemy raiders had attacked 
at different points simultaneously. 
Radar enabled our observers to i -‘Cp a 
constant check on the German bomber 
planes, very often from the time they 
left their aerodromes in France. This 
advance information was invaluable in 
enabling us to use our limited supplies 
of fighter planes to the very best 
advantage. Without Radar the Battle 
of Britain would have been lost. 

The early work of developing the 
use of radio for giving warning of 


approaching aircraft was caiiud out in 
secrecy in this country befoie the wai. 
No doubt, 111 otlur countries, par- 
ticularly the United States of Anienca, 
resea.rch scientists wvie woiking on thi 
same pioblem, but it is true to sa\ that 
the British equipment m iqqo was far 
11. advance of anything which had been 
dt veloped elsewhere. 

When America entered the war all 
the results of British discoveries and 
development were placed at their dis- 
posal and there was a free interchange 
of scientific ideas between the two 
countries. 

Radar and the Submarines 

The submarines which were used in 
an attempt to isolate Britain from 
other countries during the war had to 



B.D.C. 

Older scholars as uell as the younger children listen-in to their own programmes in the ScIiocjIh 
broadcasts The lecturer at the microphone and the school audience co-operate in tliese senior 
lessons. Our photograph illustrates a class following a lecture on *' Current Affairs," and the 
schoolmaster is assisting his pupils as the speaker tells them : " Now run your finger round 
the western bulge of Africa till you find the town of Lagos." 
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FROM STUDIO TO PICNIC PARTY 



Here we have a photograph of the actu il scene in the studio during a broadcast of one of the 
famous " Just WillKirn " stones William’s good intentions have once again gone astray and his 
father is confronting William with dofinite evidence of the damage ho has done. 



/>' li ( 

To tlie voiingi*! ion the miracle of modern radio is not mj astounding as to Ihost* »)ld 

riiough to remember the first efloits of the London Hroadeasting Station (^Lt)) which began 
in May, \q2 2. To-day a portable radio receiver is among the normal luxuries about winch it 
is iinnecess;iry to say much boyond the warning " Pon't annov others ! ' 
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THE SEA LION MAKES A RECORD 


The libraries at Broadcasting House are concerned with many other items besides books 
There is, for instance, the Effects Library where spoi lal gramophone records giving different 
sound effi'cts arc kept Here wo see one of the sea lions at Regent’s Park /oo kindly recording 
its vocal effoits in front of the microphone hcl 1 b'v the man from tlie B B C. 


remain submerged during the daytime. 
At night, however, they came up to the 
surface, so that they could run their 
engines to recharge their batteru's and 
also replenish their air supply for the 
next day. The Germans for a time 
were very mystified at the number of 
sinkings of submarines which usually 
occurred during the night while they 
were sui faced. The reason was that 
we were using Radar to detect the 
submarines. 

To-day Radar equipment is being 
installed for peacetime purposes in 
ships and in aircraft. By its use ships 
can steam full speed ahead through 
the thick fog, because the Captain can 
be certain that any other vessels in the 
vicinity will be shown on his Radar 
Screen when they are several miles 


away. Aircraft * pilots can use their 
Radar at night or in fog to obtain an 
outline of the country over which they 
are flying and to make sure that they 
are sufficiently high to avoid any 
mountains which may lie on their 
route. 

It was thiough the discoveiics made 
by the wireless pionceis that television 
and Radar became possible. But radio 
still remains the great maiVel of the 
present century. The tran^ission of 
speech and music by wifeless was 
unknown except to a conlparatively 
few enthusiasts in the years ^1920-1922 

Then in 1922, London (2i-0) began 
to broadcast programmes and radio 
went swiftly ahead. To-day there are 
some II million listeners' licences 
bought annually in this country. 



WIRELESS TELEPHONY 



Marcvnt WtreUiS JeUgraph C o , Ltd 

FOR SENDING “BEAM” WIRELESS 


This photograph shows what you would see if you stood on the ground and looked upwards 
inside one of the great masts at the Marconi beam station at Dorchester. An ordinary 
wireless transmitter sends out wave-s m all directions equally. With beam wireless the waves 
are projected in one direction only, as are light rays from a searchlight. 


I T was only natural that, by the time 
wireless telegraphy was fairly on its 
legs, people should be already think- 
ing of using the waves for transmitting 
speech. 

But they found themselves up against 
a very difficult problem. One can best 
understand this by jumping ahead and 
describing Iiow wireless telephony works. 

In Groups of Waves 

A broadcasting station sends out 
what is called a " carrier wave,” which 
is a never-stopping train of waves of 
exactly the same length and height. 
These waves are thrown off at the rate 
of hundreds of thousands a second, and 
even if they could affect a telephone, 
they would give a note fai too high for 
the human ear to hear it. 


When the ” announcer ” at the 
station speaks into a miciophonc, the 
waves are “ shaken up ” by the vibra- 
tions of his voice, and broken into 
groups, each conespondmg to one 
vibiation. To get tins quite plain, let 
us imagine the ” carrier to be natu- 
rally made up of weaves i foot long from 
crest to crest and i inch high. The 
announcer says ” Ah-h-h-h.” The car- 
rier at once becomes groups of waves. 
In each group the height of the first 
wave is ^most nothing ; the height 
grows to 3 inches at the middle, and 
then decreases again. But the length 
of the waves remains unchanged. Now, 
the detector bunches all the waves of a 
group together into what is practically 
one big wave, and then hands it on to 
the telephone, which can vibrate in 
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response to it, and the ear can hear the 
sound 

All sounds treat the " carrier " in 
the same way, producing bunch waves, 
as we may call them, of all sizes and 
shapes. Even when a big orchestra is 
playing, the " carrier ” can carry the 
note of every instrument on its back 
and deliver it in a recognisable form 
This IS really very marvellous, is it 
not ? 

The Problem of the Carrier ” 

Now v^Q can get back to the problem 
wireless telephony required to be solved 
It was to produce an absolutely steady 
continuous stream of short waves 
Vaiious methods weie tiled, but none 
of them was satisfactory until the 
thermionic valve, or vacuum tube, ap- 
pealed. 1 his veiy impoitant invention 


not only sends out a perfect “ carrier " 
wave, but is a splendid receiver of 
waves, which it also strengthens. By 
passing the currents from the aerial 
through one valve after another, they 
can be magnified to any extent. 

Some ingenious person has calculated 
that the total electrical energy picked 
up by an aerial during an evening’s 
hstening-in is on the avcTage about 
equal to what a fly exjicnds in crawling 
} inch up a window pane. Yet the 
valves aie able to take tlie tiny cun cuts 
and woik on them till a loai of sound 
comes from the loiid-speakei 

Speaking to America 

Anyone who wishes to talk witli a 
person in the New World is switclu*d 
on to the gieat Post Olfif e ladiu station 
at Rugby, wheic miles of aeii.il wiies 



Ceniral Press 


LINKING UP THE WHOLE WORLD 


The above pnnt shows us* the control table of a world-wide tr<»nsimttcr foi sending wiiokss 
messages Ihe transmitter is the very heart of the G PO wirehss station at Kngbv, which 
both by lelcgiaph and telephone, is in touch with almost every corner of the globe 


AT THE WIRELESS STATIONS 



Ihe masts of the G.P.O. wireless station at Here is an illustration of one of these twelve 

]<u^bv are 820 feet in height. There are no monster masts, as it would appear if you 

fewer tliaii twelve such masts. Our picture stood on the ground and peered upwards, 

show's the tiny lift by means of which the The latticework is of tremendous strength, 

very summit of one can be reached. the wind pressure aloft being terrific. 




AJarcont. 


Hero we hav'e one of the Marconi anti- 
fading aerials, supported by a r 50-metre 
(nearly 500 feet) non-insulated mast. It 
is in use at the Dorchester Station. 


i'enintl Pu'^s. 


Very likely the wireless set in ymur home has 
" leads ” coming through the sitting-room 
window'. Here we sec the " lead-in " and 
insulators from the long-wave aerials. 
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are carried on the top of twelve huge 
masts, 820 feet high and a quarter 
of a mile apart. The speaker's voice 
affects a group of over fifty great 
valves, and lets loose gusts of electricity 
equal to more than 600 horse-power. 
At the same station there is a similar 
outfit for wreless telegraphy, which 
now .also makes use of the valve for 
sending messages. 

Tlic thermionic valve is a wizard, 
thougli to look at something like an 
incandescent electiic bulb, and not at 
all suggestive of a valve in a pump or 
engine. It gets its name from the fact 
that it allows current to flow only one 
way through it, and in an electric 
sense shuts if the current tries to 
flow the other way. The current — 
in the foim of electrons — jumps across 
a gap between a hot wire and a small 
metal plate inside the glass, passing 
through a coil or screen of wire. This 
is called the grid. It is the secret 
O' the valves power of magnifying 
currents, for very little changes in its 
electric condition produce much larger 
changes in the current going through 


the valve. One may compare it to the 
regulator of a locomotive. 

By " Beam ” Wirelera 

We may fitly end up with a few 
words about one of the fairly recent 
developments in wireless. Marconi 
comes into the picture again, with 
what is called beam " wireless. 

An ordinary wireless station sends 
out waves in .all diiections equally. 
This is all light for broadcasting, 
but if signals are intended for one 
phace only it means a gieat waste of 
power. So Marconi thought out a 
plan for treating wireless waves as 
a motor-car headlight or a seaich- 
light tieats light. Hy means of a 
special kind of reflecting aerial he shot 
out the waves in the form of a beam 
all in one direction only. The Empire 
is now linked up with beam " stations 
in England, India, Canada, South 
Africa, Australia, and elsewhere. Ihe 

beam " method has cut down the 
powder needed over too tinns, yet it 
permits woids to be sent and received 
at the rate of 250 in a minute. 



TUNING-IN AT RUGBY G.P.O. STATION Central Press 


'the oflicial litio depiCttd is " tiining-jii " the world-wide telt«^aph transmitter at tlie great 
G V O. wireless station at Kugby What an amusing contrast this presents to the very modest 
task of tuning-in by turning a small knob on one's home receiving set I 


TELEVISION-THE MAGIC MIRROR 



The General Electric Co. Ltd, 

THE MAGIC MIRROR AT WORK 


Tho nicxlern television receiver provides an almost unlimited variety of entertainment, which 
can be enjoyed in the comfort of one’s home. The picture being receive<i is clearly visible 
in the frame at the top of the receiver. 


M ore than twenty-five years 
ago John L. Baird, who was 
tlien working in an attic in 
Soho, T.ondon, constructed the first 
ap])aratns to demonstrate that tele- 
vision was practicable. 

"IVlevision means being able to sit in 
a cinema or your own room at home 
and to see on a screen what is taking 
place in a studio, or on lipsom Downs, 
whilst it is actually happening. 

In Mr. Baird's early apparatus, lenses 
and, later on, mirrors were used for 
picking up " the scenes to be tele- 
vised, but to-day a special sort of 
camera, called an Emitron camera is 
used. A photograph of the type of 
camera now in use appears on another 
page. 

If you examine this picture carefully 
you will see, coming out of the bottom, 
a fairly thick electric cable. Inside the 
camera a stream of tiny particles, called 


electrons, are moving rapidly over the 
view which is thrown on to a special 
kind of plate. This stream of electrons 
passes across every portion of the plate 
tv>cnty-ftve times per .second, so you 
will realise it moves to and fro and up 
and down at an enonnously high speed. 
When it comes to parts of the plate 
which are very bright, a comparatively 
strong current comes out through the 
cable leading from the camera. When 
the ray, or stream, is on darker ixntions 
of the plate, the current coming out of 
the camera is less. 

The Cathode Ray 

Now let us stop for a moment and 
imagine what happens whilst the 
camera is in use. The powerful lens 
throws on to the sensitive plate a 
perfect image of the scene towards 
which the camera is pointing. In the 
meantime the beam of electrons, or 
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T’O first home of Television in Britain was at Alexandra Palace, and from here the first lli^ll* 
dviinition Television servue be^an in November, 103b. but had to Ix^ (lisroiitinued 1030- fb. 
Besides Alexandra Palace there are now other stations at Sutton Coldfield, Holme Moss. \V. n\(»e 

and Kirk o’ Shotts. ^ 





Here we have a scene in one of the studios at Alexandra Palace. On the staj*c a performance is 
being given of the ballet “ Le.s Sylphides," while the Television cameras, the sound-recording 
apparatus and microphones can all be seen \vith the operators and producer in the foreground. 
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SPORTING EVENTS By TELEVISION 



1 \ziryt\ nf snort Liiid the TeloNision cameras are again operating to give 

Here we have a commentary of an Ice Hockey match. This photogiapli 

X^taken rSCp" 1 anTspUs ^r.na. Wembley, during a Cup Fmai. 
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B.Ji.C. 

TELEVISING THE LORD MAYOR’S SHOW 


Some Klca of the apparatus required when the Television Service 
IS 111 action to record some public event can be gathered 1 from 
the picture above. The Out.side Broadcast Unit is stationed at 
the corner of Trafalgar Square and Northumberland Avenue to 
record the Lord Mayor’s Show, part of which can be seen as the 
procession passes the cameras. 


cathode ray, as it is called, is sweeping 
rapidly across the plate exploring, or > 
scanning, every part of it in orderly 
sequence. Tiny electrical currents, of a 
strength which varies according to the 
position of the cathode ray at any 
moment, are flowing out of the camera 
through the electric cable. These 
currents are led to the television sending 
station, which is very similar to that 
used for ordinary broadcasts, and so, 
whilst the camera is in action, wireless 
waves are being sent out from the tele- 


vision transmitter, arid 
these waves are varied 
(or as experts call it, 
modulated '’) accord- 
ing to the brightness of 
each -little bit of the 
picture on the camera 
plate as the cathode ray 
passes over it. 

From Waves to Pictures 

Now let us look at t he 
receiving end and j'lnd 
out how these wireless 
waves are turned into a 
picture on the screen of 
the television receiver. 

The photograph at 
the beginning of this 
section will show what a 
television receiver looks 
like, though many of 
you will have seen 
similar television sets in 
operation. It is similar 
to a large radio receiver, 
and it has an oblong 
opening through which 
can be seen a greyish 
screen. 

When the receiver is 
properly tuned in, a 
picture appears on this 
screen wiiich is a faithful 
copy of the scene 
towards which the 
television camera is 
pointing. Tliis is brought 
about in a way which 
you will have no difficulty in following, 
if you have understood the expjanation 
already given of the manner ^ wliich 
the camera picks up the picturte. 

You will remember that t|ie final 
result of pointing the camer4 at the 
picture to be televised was? that a 
rapidly varying electric current came 
out of the cable connecting th4 camera 
with the television transmitting station. 
You must now imagine that this current 
has been transmitted over the air " 
and has reached the television receiver. 


TELEVISION - THE MAGIC MIRROR 
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Inside the receiver is a very ingenious 
device, which is known as a cathode ray 
tube. A picture of one of these tubes 
will be seen on another page, and it is 
the front end of the tube which forms 
tlie screen in the television receiver. 
You will remember that in the case of 
the camera, the cathode ray was made 
to sweep over tlie picture very rapidly. 
Now, inside the cathode ray tube in the 
receiver, a similar cathode lay sweeps 
over the iscreen, keeping exactly in 
time with the cathode ray inside the 
camera . 

Wliercvor the ray strikes the screen, 
the sp(^cial coating becomes lighted up. 
Now, whilst the ray is moving over the 
end of the tube, its strcngtli can be 
turned up or down. If the strength is 


turned down, the screen will not ligiit 
up where tlic ray strikes it. If the 
strength of the ray is increased, the 
screen will become very bright wherever 
the ray touches it. And now we can 
see the use of the electric currents 
which are coming into the receiving 
set from the aerial. 

Through a suitable arrangement ot 
valves the incoming current is usc^fl 10 
strengthen or weaken the cathode ray 
as it sweeps over the surface of the 
screen. And so, when the cathode ray 
in the camera is passing over a dark 
part of the plate, the cathode ray in the 
receiver is turned down and the corre- 
spording part of the screen is shown 
dark. Similarly, when the exploring 
ray in the camera is passing over a 



CLOSE-UP OF A TELEVISION CAMERA 

The operator is focussing the Emitron camera so that a clear picture will be J-hrown on to the 
soeciaf plate. The small, varying, electrical impulses are led to the transmitter through the 
^ ^ cable shown at the base of the camera. 
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bright spot, the cathode ray in the 
receiver is turned on at nearly full 
strength, and the screen glows brightly 
at the corresponding spot. 

The Second Beginning 

If you remember that all this is 
happening so fast that the cathode ray 
travels over the screen twenty-five 
times per second, you will understand 
how it is able to build up on the screen 
a picture which moves and shows nil the 
details which are being viewed by the 
television camera. 

Television as a public service had 
only just passed its experimental stage 
when the war broke out in 1939. and 
for the next seven years the screens 
of those who had become early owners 
of television sets were dead and useless. 

Then, in June, 1946, the Alexandra 
Palace studios opened again and the 
first studio programme was sent out 
over the air. In less than twenty 


hours after this studio performance the 
television cameras were mounted in 
Pall Mall and viewers in their own 
homes saw the complete Victory Parade 
as viewed from a position opposite the 
Royal saluting base. 

It was a complete success and since 
then, despite the handicaps imposed 
by the austerity conditions of the 
times, the B.B.C. television cameras 
have transmitted a large number of 

O.B.'s '' — outside broadcasts — from 
sports grounds and other open-air 
scenes, besides shows from theatres, 
dance halls and places of amusement 
as well as studio performances. 

At the end of 1949 a new television 
station was opened at Sutton Cx)ldlield, 
near Birmingham, to scTve the Mid- 
lands. Other stations have now been 
opened at Holme Moss, Wenvue (Car- 
diff) and Kirk o' Shotts (Scotland). 
Within a few years it is probable that the 
television receiver will be as comrnon- 



The General EUctric Co. Ltd. 

THE CATHODE RAY TUBE 


The tube illustrated is an experimental one, but its appearanc*^ is similar to those used for 
telcvhsion receivers. The white portion at the end is the screen on wliicli tlie picture appears, 
and the cage-like objects in the stem of the tufie are used to control the movement of the ray. 


THE TELEVISION MEN IN ACTION 



Here we have a view of Confrol Room “ A ” at Alexandra Palace On the left are the engineers 
who operate the picture shading cuqtrols and supervise the general quality of the picture 
which appears on one of the monitoring screens towards which they are looking The apparatus 
near them provides the electrical impulses required by the Emitron cameras 
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HOLME MOSS TELEVISION STATION 

As part of the B.B C. plans to provide a countrywide television 
service, a station was opened at Sutton Coldfield in I949* A 
similar high-power station was opened m October, I95i» at 
Holme Moss, and others more recently. This aerial picture shows 
the Holme Moss station, near Huddersfield. 


place in our homes as the ordinary 
radio set. 

Televbion and Radar 

In the sections on “Radio” an^ 
" Modern Inventions and Discoveries ” 
the subject of Radar is dealt with more 
fully, but it may be mentioned here as 
television has considerable connection 
with Radar. The cathode ray tube, 
as we have seen, plays a big part in 
television, and it is also of the utmost 
importance in Radar. 

The mountaineer who stands on the 
top of a cliff and shouts across the 


space to the wall of 
another cliff so that he 
receives back an echo, 
is using the simplest 
kind of Radar. His 
voice takes a certain 
time to travel to the 
opposite cliff and back 
again, and by noting 
the time between the 
shout and the echo he 
can calculate the 
distance. 

Radar does exactly 
the same thing, using 
wireless waves instead 
of sound waves. As 
wireless waves travel 
with the speed of light, 
that is, 186,000 miles 
every second, some very 
sensitive means had to 
be found to measure 
the tiny interval of time 
between the wireless 
“ shout ” and its echo. 
The cathode ray tube 
provides this. 

In the simplest form 
of Radar receiver, the 
screen of the cathode 
ray tube shows a single 
bright line. When the 
transmitter sends out a 
wireless beam a large 
kink, like an inverted 
“ V,” appears on the 
line. When the echo is received back 
from the target a smaller kmk appears 
on the line. The distance between these 
two depends on the distance of the tar- 
get. If the target is close at hand the 
two pips are close together on the screen. 
If the target is a considerabH distance 
away, the two pips are widew spaced 
on the screen. The screen is graduated 
in miles or yards, so that ths distance 
can be read oft immediatwy. The 
direction from which the larget is 
approaching is determined by using 
directional aerials for transmitter and 
receiver. 


THE WONDERS OF X-RAyS 








PENS UNDER X-RAYS 


hUxson Hawks. 


An X-rav " shadowgraph " made through a tray of fountain pons. Externally the pens look 
much alike, but the revealing rays show plainly enough that they differ considerably inside. 
The bodies of two are empty , one contains a vacuum piston on the end of a thin rod , and the 
record of the fourth proves it to have a metal lever used in filhng the reservoir 


I N November, 1895, an announce- 
ment of high importance to scien- 
tists all over the world was made 
by Professor W. K. Rdntgen, of 
Wurzburg, in Germany. He had dis- 
covered a mysterious kind of ray which 
enabled him to obtain photographs of 
the internal parts of living creatures. 

As Rdntgen himself did not recognise 
the nature of these new rays he named 
them X rays. We know now that 
these X-rays or Rdntgen-rays, as they 
are often called after their discoverer, 
are waves in the ether and of the same 
nature as waves of light, but are very 
much shorter. 

We have already seen eailier 
sections that electricity is a flow of 
electrons through a wire or othei metal 
conductor. Electrons can, however, 
be made to pass through a space where 
there is no wire or metal bridge " 
for them to cross. If an electric wire 
is cut the electricity immediately stops 
flowing because the electrons cannot 
get across the spiace between the two 
ends of the wire. This is because the 
air is an insulator, that is, it stops the 


flow of electric current. If, however, 
these two ends were sealed into a glass 
tube and nearly all the air extracted 
from the tube, the electrons would 
begin to pass across the space, pro- 
viding a sufficiently high electrical 
pressure or voltage were applied to the 
wires. 

Probing A Mystery 

Scientists discovered this fact many 
years ago and constructed vaiious 
kinds of vacuum tubes so that they 
could study the flow of electrons 
through empty space. It was in the 
course of experiments of this nature 
that Rontgen found that if he applied 
a very high voltage to the two wires 
entering the opposite ends of the 
vacuum tube the electrons shot across 
the intervening space at a very high 
speed. 

Rdntgen arranged at the receiving 
end a target to catch the electrons. 
This target was made of tungsten. 
He found that when the electron beam 
struck the tungsten target some mys- 
terious rays were given off. He 
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further discovered that these X " 
rays would pass easily through many 
substances which are opaque to light. 
There were certain substances, how- 
ever, such as flesh and wood, which 
they penetrated much better than 
others, while substances which conduct 
electricity well, especially metals, re- 
sisted the rays. Bone, too, had con- 
siderable resistance to the new rays. 

By using an X-ray tube and allowing 
the rays to pass through his hand on 


to a photographic plate, Rontgen found 
that he could obtain a photograph 
showing clearly the bones of the hand. 
No camera or lens was required, the 
plate being merely encased in a light- 
proof envelope and placed on the 
further side of the object being photo- 
graphed. 

The importance of these new rays 
was recognised almost immediately, 
and they have been of incalculable 
value in surgery, for they practically 
endow the surgeon with 
a pair of matter-pierc- 
ing eyes. If a limb be 
broken , a pho t ogi apl i 
is taken through the 
fracture. On the de- 
veloped plate the 
bones appear white, 
surrounded by darker 
flesh, while in the 
positive print made 
from the negative the 
tones are, of comse, 
reversed, the bones now 
appearing almost black 
and the flesh much 
lighter. Having the 
print before him, the 
surgeon knows exactly 
what he should do. 

Saved from Death 

Or, again, instead of 
probing about for a 
bullet buried in the 
flesh, he takes two or 
three X-ray photographs 
in different directions, 
and by comparing them 
can fix the e^^act posi- 
tion of the "intruder. 
Should a p^son be 
suffering fron^ an in- 
ternal complaint, the 
X-rays are often of 
great service, for they 
can show whether the 
heart, lungs, or other 
parts are aflfected. It 
is not going beyond the 



tnttrntUxonal Western Tleetric Co , LU 

THE FOUNDATIONS OF THE HAND 

This photograph, whith was printed from a negative " Itle- 
graphed *’ over 931 miles of telephone wires from an ongmal 
X-ray negative, shows very cleaily most of the bones 111 a 
human hand Only those of the little finger are here complettj^ — 
the long metacarpal Ixine between the wrist and the finger 
proper, and the tlirec phalanges of the finger itself. The 
strange-looking lump on the third finger is a metal ring. 



Ilie upper part of this illustiation descrih.-^ iU 4 4,- Jraii^i for this u-ork. 

wav^ k-rlf for.n of vacuum 

mem " ^ one 250.000, ooolh ot an inch The rav! i ^ ^ '-*'«rtcr 

rjf,'" ’'■" f « ■’ sj j'H “r ' p***''" »'>^”cX' 
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picture a genuine " Hals." 
Others persisted that it 
was a modem forgery. 

The X-rays were called 
in, and they revealed the 
fact that the parts of the 
wooden panel on which the 
picture was painted were 
held together with wire 
nails As this kind of nail 
was not made till at least 
two centuiies had elapsed 
after Hals* death, the 
matter was definitely 
cleared up. 

In a furthei case exam- 
ination by X-iays proved 
that a valuable old picture 


A PEEP INTO A PENGUIN 

The bones of a bird's neck 
are so jointed that they 
allow a bird to twist its neck 
about in a manner impossible 
for human beings This 
X-ray picture shows us the 
vertebrae or neck-bones of a 
penguin. 

truth to say that tens of 
thousands of people every 
year owe to these rays an 
escape from much suffering, 
and even from death. 

X-rays are helpful in 
many other ways Let us 
take an example • Expert 
judges of old pictures were 
recently much perplexed by 
a painting said to be the 
work of the famous Dutch 
painter, Frans Hals, who 
died in 1666. One great 
authority pronounced the 



Pkolos Cenikal Press 


FLIPPER BONES 


And here we see the bones of one of a penguin s dippers or 
undeveloped wings, useless in the air, but very uieful In 
the bu:d when swimming under water 
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trouble. Nor are the rays 
only useful in finding broken 
bones and misplaced parts c t ■ 
the body. In certain cases 
of illness the patient is given 
bismuth or similar salts to 
swallow. These salts are not 
soluble and it is possible by 
means of X-rays to take 
photographs of the digestive 
passages and so hnd out for 
certain the seat of any local 
trouble. 

Not only does this save time 
in bringing relief, but it may 
prove an operation to be un- 
necessary. 

The X-ray analysis of solid 
substances proved of the 


AN X-RAY TUBE— 

Here is a simple form of X-ray 
tube The stream of electrons 
from the right-hand side strike the 
tungsten target in the centre of 
the bulb and X-rays are given off. 

had another and much more 
modern one painted on top 
of it. 

In the Workshop 

The maker of sham jewels 
has a foe in the rays, for 
they treat the real and the 
fraudulent article differently. 
The maker of electric cables, 
on the other hand, has a 
friend in them, since a cable 
passed between an X-ray 
tube and a screen at once be- 
trays any metal bodies lurk- 
ing in its insulating cover. 
This is a great boon, as even 
a piece of thin wire in the 
wrong place may cause 





AND ITS RESULT 

These rays pass through the hand and on to a sheet of 
photographic p^ip^r which has been placed downwards 
on the bench Tlie result of this is seen above the 
bones and the metal ring were not penetrated and aie 
shown up clearly. 
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utmost value to doctors, chemists, 
industrialists and others. Rontgcn's 
discovery also turned the attention of 
scientists to further investigation of 
rays and marked the l>eginning of a 
new era of wonderful discovery. 

It was from these further experi- 
ments that what has been called 
X-radiation was discovered. In 1896 
Professor Henri Becquerel found that 
a certain compound of uranium 
emitted a stream of radiation con- 
tinuously and of its own account. 


This led to experiments in other 
directions. Among them were those 
carried out by Professor and Madame 
Curie, w^ho searched for other ^sub- 
stances having this ‘‘ radio-activitjg" 
as the new property was called. 

The result was the discovery of 
radium. Going a stage further, Lord 
Rutherford made considerable advances 
in his experiments on the structure of 
the atom. To-day the tremendous 
power of atomic energy has been de- 
monstrated and our hopes for the future 
rest on its wise use. 

The British 
Atomic Research 
station at Harwell 
is already supplying 
medical men with 
radio - active sub- 
stances for the treat- 
ment of certain 
diseases. 

Here again we see 
how the discoveries 
in one field of science 
are link(‘d withthose 
in another. Experi- 
ments in splitting 
the atom led to the 
most terrible 
weapon of destruc- 
tion the world has 
ever known. But it 
it has also opened up 
great possibilities in 
the field of medical 
science. 

X-rays have long 
proved useful to the 
surgeon , and in 
recent years its use 
ill industry lias de- 
veloped consider- 
ably. Special X-ray 
units are efiiployed 
in big workshops to 
ensure that impor- 
tant parts of 
machinery, which 
will be subject to 
heavy strain, are 
entirely flawless. 



.\iwton yutfff IM. 

X-RAYS IN INDUSTRY 


In this photograph is seen a million-volt Industrial X-ray unit in ui^* in 
a modern workshop. The operator is placing a heavy casting on the 
light-proof envelope containing a photographic film. The resulting 
X-ray photograph will reveal whether the casting is perfect or whethei 
there are any internal flaws which might render it unsafe. 


INVISIBLE RAyS 



General Electric Co ltd 

TWO USES FOR PHOTO-ELECTRIC CELLS 

J he extraordinary sensitiveness of a photoelectric cell to light, as shown by variations in a 
(urrent passing through it, is now utihstsl in many wavs If, for example, a light were thrown 
on to safe C at night, a burglir alarm A would be brought into operation by such a cell (In the 
right IS se(‘n in clot tnc eye ' that cm be placed at the entrance to, say, an exhibition hAerv 
o u passing bi tween it and the light causes the pointer on the counting dial 13 to move on a step 


After long plotting and planning 
ZA a cracksman, who is badly 
J. Vwanted by the police for his 
many successful raids on other people's 
property, is about to bring off his most 
daring coup. Midnight struck two 
hours ago, and here he is in the treasure- 
house of the great store of Mida'' Ltd. 
All round him are thousands of pounds’ 
worth of jewels, fenced off only by the 
flimsy protection of glass sheets. His 
diamond w'lll make short work of them. 

Not a sound is to be heard. The 
stillness of death broods over the great 
chamber. The watchmen are about 
somewhere, but for the moment, at any 
rate, the coast fs clear Our burglar 
gets out his tools and, after a careful 


search for possible tell-tale electiic 
wires, sets skilfully to work. 

The Burglar Foiled 

Suddenly a slight rustle makes him 
look up, and, to his horror, he sees 
several m^^^n cutting off his ret i eat m all 
diicctions. The game is up. He will do 
no more safe-breaking or case-robbing 
for some years to come. 

Our burglar is clever ; but science 
and invention are cleveier still. He did 
not know that at one place he crossed 
a band of invisible rays, sent out by a 
hidden apparatus on one side of the 
chamber towards a concealed selenium 
“ electric eye ” on the other. The 
moment at which ho interrupted the 
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beam with his body was fatal to him. 
In a distant room a small red lamp on 
an indicator board suddenly lit up, 
informing the watchman on duty there 
that an intruder had entered the 
jewellery department. A few words 
were spoken into a telephone, and 
arrest followed. Science is making life 
very hard for folk anxious to take a 
short cut to wealth. 

Escorted by Warships 
Another picture : A great merchant 
ship is ploughing her way across the 
Atlantic, bringing much-needed sup- 
plies to England during the stress of 
war-time needs. She is one of a fleet of 
similar ships being shepherded through 
a submarine infested area of the ocean 
by an escort of warships. An officer 


on the bridge is peering into a kind of 
telescope, watching the blinking of a 
tiny screen inside. The sudden short 
glows of greenish light are signals from 
the flagship of the escort. Not a sign 
of light pierces the darkness of the 
night, yet light is being used to send a 
message, and it is a message which the 
commander of an enemy submarine 
can read neither with his eyes nor with 
his wireless apparatus. 

A mile or two away, on the flagship, 
there is an electric lamp encased in a 
special kind of glass, which cuts off all 
rays that the eye can see. But the infra- 
red rays find their way through, and on 
reaching the screen on the telescope 
they make it glow with fluorescence, as 
phosphorus glows in the dark, and so 
the beam radiated becomes visible to 
the person in charge of the 
apparatus. 

Tliere are several kinds of 
Electric Eyes but they all 
have one thing in common. 
When light falls upon 
them electric euwent 
begins to flow, or flows 
in a greater quantity in 
a suitable electric circuit 
connected with the 
" eye.” 

This electric current can 
be used to open doors, to 
operate a counting mecha- 
nism, to switch lights on or 
off (as in some forms of 
traffic control), or to stop 
an electric motor driving a 
large machine. 

^ by selecting the right 
type of “ electric eye ” oi 
photo-electric cell a|id con- 
necting it in a luitable 
circuit engineers cajn make 
doors which open 4s if by 
magic when anycjne ap- 
proaches. They can also 
use a ray of light to guard 
a safe or to protect a 
machine operator from acci- 
dental injury. 



XUuliowor Parent Ltd. 

AN AUTOMATIC LAMPLIGHTER 

This 19 the upper part of a street lamp standard at Maid- 
stone, Kent Below the " swan-neck " supporting the 
bulbs 18 a casing containing a selenium “ bridge " 
dusk comes on, the selenium ''feels” the lack of light 
and automatically switches on the lamps At dawn it 
switches them ofi again 


MORE USES FOR "ELECTRIC EYES" 



specially draam Jof this work. 

At the top anH-reading from left to right — an electric lamp specially designed to cast a con- 
centrated beam of light, and a receiver for focussing the beam on to a selenium eleotric eye ; 
the electric eye, enlarged ; and the two being used to count loaves passing betw’een them. In 
the centre is a race-timing apparatus, working on the same principle. At the bottom arc shown 
a similar outfit adapted for j^eyhound racing, and one for checkmating burglars. In the last 
case rays which are invisible to the human eye, but can affect an electric eye, are used. 
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Services 

^X^e A^aintain 
for tfie 

Common OooJ 



TKe Work 
Tkey Do 
and How it 
is Carried Out 



THE WATER PIPES OF OLDEN DAYS 


Metropolitan Tl tifer Iturl 


F\on in the long ago a water supply bad to be ensured for people who lived in towns, since water 
plays so very imp<jrtant a part in our lives The earliest water rnains were not made of iron 
or steel, or even of earthenware, but consisted of short lengths of tree trunks hollowed out and 
made to fit into one another telescope fashion. Two such pipes are illustrated above 


THE WATER 

I N an emergency we can live without 
many things that are regarded as 
necessities in our ordinary everyday 
life, but there are certain needs that 
must be supplied. We cannot exist 
without water, for instance. Water is 
essential to life. Our very bodies are 
largely composed of water and they 
demand a continual supply of it. 
Water is necessary, too, for cleanliness 
and health. 

Every kind of industry requires water, 
and a good many industries cannot 
be carried on without a considerable 
quantity and a continual supply. In 
the beginning of human history it was 
to a large extent the question of an 


WE DRINK 

adequate water supply which decided 
the place where the wandering tiibes 
eventually settled. It was the waters 
of the Nile which led to the beginning 
of the earliest civilisation. 

In the Days of the Romans 

For drinking and the cleaning of 
food we must have, not merely watei , 
but good water, fiee from thifej tiny 
germs or chemical impurities hlanriful 
to the body. Wherevei human beings 
collect in large numbers it becomes 
difficult to supply them with good 
water from the neighbourhood. 
Streams in the near neighbourhood 
become dirty, and the wells, even if 
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Here v\o bC( i sa.mplc bung taken from Uif Houses near the summit of i lull are often 

hltcrrd w ittr will o( i filter be<i Aii the supplied from a water tower on the top of the 

utensils h ivc been sti nliscd and expert analyses hill The water tower seen in tlus photograph 
will be ina(h of the samples taken has a capacit> of 202 000 gallons 



This aerial view shows one of the laigt storage rcservons into which water is pumped from th< 
river Its main purpose is to hold a reserve supply of water to tide over a shortage during periods 
of drought or low river flow The purjwse of the baflie bank seen in the reservoir is to divert the 
flow of water in a direct line between inlet and outlet and to minimise the waves caused by strong 

winds 
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they yield pure water, become insuf- 
ficient. Either an abundant supply of 
local water must be made fit for 
drinking, or good water must be brought 
to the people from a distance 

Two thousand years ago the Romans 
adopted the second course They led 
water into Rome and other great cities 
by constructing artificial channels, 
called aqueducts, along which the 
water flowed on a slight slope from some 
unpolluted source In order to main- 
tain the gradual fall they bored tunnels 
through mountains and earned the 
channels across valleys on wonderful 
lines of arches. 

Some of these Roman aqueducts still 
stand to-day as a monument to the 
wonderful engineering talents of the 
great nation that built them. At 
Nismes, in Southern France, is the 
great Pont du Card, spanning a valley 
with three tiers of arches. This re- 



MdfopohUm Water Board 
IN PLACE OF POLISHED TAPS 


The above picture, taken from an old print, 
shows us a wateT'Carrier of London in olden 
days, who hawked the precious fluid through 
the streets. His place is now taken by 
storage tanks, pipes and taps 


markable example of building skill was 
erected without the use of mortar. At 
Segovia, in Spain, is another Roman 
aqueduct, half-a-mile of two-storey 
arches, standing some 94 feet high 
Some of these bridge-aqueducts had 
two or three water channels one above 
the other, just as in these days we lay 
two or three pipelmes to bring the 
water from a distant lake to supply the 
needs of a big city. 

During the four centunes ending 
A D. 100, some 350 miles of aqueducts 
were made to supply Rome The 
aqueducts entered the aty at diffeienl 
levels, and the amount of water led in 
during the days of the Empiic is cal 
ciliated at over 200 gallons a day foi 
each of the million and a half inhabi- 
tants of the capital From large 
reservoirs in Rome the water was 
distributed through lead 01 earthen- 
ware pipes to houses, fountains, public 
baths, and even to the Colosseum, 
where a great lake could be formed to 
stage a mimic sca-fight Few cities 
even in our own times have a bcttii 
supply than that enjoyed by the 
inhabitants of ancient Rome 

Modern Aqueducts 

The engineer of to-day has some 
big advantages over his Roman pie- 
decessors. He can make use of non 
and steel pipes able to stand great 
pressures, while his drills and explosives 
enable him to bore tunnels much 
more easily. In addition, modern 
pumping machinery does away with 
some of the difficulties the Romans had 
to overcome in order to ensuie that the 
flow of water should be steadily mam- 
tamed from the source of the simply to 
the place where it was needed 

If a piece of lead pipe is b^t into 
horseshoe form, with one ‘ leg f rather 
longer than the other, and watei! is then 
poured mto the longer leg, this watei 
will presently flow out of the top of the 
shorter leg. For enclosed water always 
finds its own level. So when a modern 
engineer has to take an aqueduct 



INTAKE FROM THE RIVER THAMES 


Metropdttan Water Board 


At several places on the River Thames there are intakes through which the water is abstracted from 
the river. Behind this intake, screens are fixed to remove any floating debris, and the water 
then passes through meters to record the quantity taken. After this it passes along to the pump^ 
ing station and so on to the storage reservoir. 


across a valley he does not build a 
bi idge from side to side, as the Romans 
did, but carries a pipe down one slope, 
across the low ground, and up the 
other slope to a rather lower elevation. 
The pipes are buried in the ground, or 
covered up in some way and kept out of 
sight. Should a river be in the way, 
the pipe is taken under it, or, possibly, 
carried across a specially-constiucted 
bridge. 

An aqueduct may be of pipes 
throughout, but gwicrally there is some 
tunnelling to save distance, as well as 
some “ cut and cover ” work. The 
last means, digging a trench, forming 
in this a masonry or concrete channel, 
closed in at the top, and then covering 
it with the earth taken out. Here and 
there, at high points, there will prob- 
ably be what are called “ balancing 
reservoirs.” The water flows into them 
at one point and out at another. They 
break up the aqueduct into sections and 
prevent the pressure becoming too 
great anjrwhere ; and they are some- 
times used to supply towns near the 
route. 

London’s River and Wells 

There is little doubt that when the 


Romans came to Britain they appreci- 
ated the fact that Londinium, because 
of its ford and converging trackways, 
was the right place to build a walled 
city. The natural water supply was 
evidently adequate and there was no 
need for them to construct an aqueduct. 
The Thames, with its tributary streams, 
together with shallow wells sunk in the 
gravel near the river, supplied all 
the water that was required. 

Nor was there any anxiety about 
London’s water supply when the Nor- 
mans came. Thomas k Becket’s secre- 
tary wrote of London in the reign of 
Henry II ; " On the north are pasture 
lands and a pleasant space of flat 
meadows, intersected by nmning waters 
which turn revolving mill-wheels with 
merry din. 1 here are also round about 
London in the suburbs most excellent 
wells whose waters are sweet, whole- 
some and clear, and whose runnels 
ripple amid pebbles bright.” 

So long as the sources of supply 
remained within easy reach, distri- 
bution was effected by water bearers 
or carriers. These water carriers 
became quite an important guild in the 
fifteenth century, having the title, 
” Rulers, Wardens and Fellowship of 
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the Brotherhood of St. Christopher of 
the Water Bearers of London.” Right 
down to the seventeenth century they 
carried on their work, using buckets 
and sometimes tankards rather like 
a milk churn. The buckets were 
carried in pairs as seen in the picture of 
one of the craft, while the tankards, 
holding about five gallons, were carried 
on the back. 

All the time London was growing, 
and conduits, or trenches, had to be 
constructed to lead the water to 
the more densely-inhabited districts. 
There were various schemes put forward 
for ensuring a communal supply before 
a wealthy merchant, Hugh Myddelton, 
put a plan before the City Corporation 
in 1609 for making a river to supply the 
city with water from Ware. This New 
River Scheme was successfully accom- 
plished, though Myddelton was nearly 
ruined by the undertaking. 

However, it is worth recording that 
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Myddelton did not die in poverty but 
tackled other ventures and restored his 
fortunes. His services were also recog- 
nised by King James I who created him 
a baronet and excused him from paying 
the heavy fine, or foes, usually imposed 
when this honour was conferred. 

This New River Scheme, from the 
point of view which Myddelton had in 
mind — the supply of water to the 
community — was a great success. It 
still plays a part in helping London’s 
water supply but is now fed with 
water from the River Lee at New 
Gauge Intake, Hertfordshire, by Chad- 
well Spring (when flowing) and by 
water from a number of wells along its 
course. 

Mainly from the Thames 

Other Water Companies were formed 
in London as the city grew. Most of 
these companies, as well as many of the 
devices and inventions they introduced, 





Afetropolitan Water Doari 

OUTLET FROM A STORAGE RESERVOIR 


In this photograph is seen the outlet shaft which is approached by a bridge from the bank. A 
large conduit under the embankment from the bottom of the outlet shaft conducts tlie u-atei 
from the reservoir to the aqueduct which conveys it to the distant hitrafion plant. The concrete 
lining of the inside slope of the embankment is to prevent erosion by wave action 
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THE WATER WE DRINK 



MUrofynlitan Vi ater Uo^trJ 

INSIDE \ SERVICE RESERVOIR 


Service re-^crvoirs receive the water pumjx*(l in excess of demands, 
and supply w'ater to consuiners when requirements exceed the 
pumping Here ^^e see one before being filled. Such reservoirs 
can be emptied for inspection, cleaned and sterilised, and then put 
into use again. 


all contributed some- 
thing towards the im- 
provement of the city's 
supply. Eventually all 
companies were taken 
over by the Metro- 
politan Water Board 
which was established 
in 1902 and began work 
in 1904. 

To-day London gets 
some two-thirds of its 
water from the Thames, 
and the supply of the 
remaining third is 
about equally divided 
between the River Lea 
(or Lee as it is some- 
times spelt) and from 
wi ‘11 The River Lea 
really supplies the New 
River, and one of the 
leservoirs in the Len 
Valley, the King 
(ieorge’s reservoir, 
covers some 424 
acres. 

Thames water is 
stored in three 
enormous reservoirs at 
Staines, covering over 
a square mile, as well 
as in the Queen Maiy 
reservoir at Littleton, 
which is even larger, 
and twenty-one other 
reservoirs of varying size. Tlie Metro- 
politan Water Board supplies daily 
an average of some 324 million gallons, 
including 7 million gallons in bulk to 
neighbouring water undertakings. The 
area directly supplied covers scoie 540 
square miles with a population of 6J 
million people and includes the whole 
county of London as well as some neigh- 
bouring districts. It would require a 
tank times the size of Trafalgar 
Square and about the height of Nelson’s 
column to hold one day’s supply of 
water to London. 

Every gallon of water used in London 
has to be pumped at least two or three 
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times, and all the water taken from the 
Thames and the Lea must be purified 
before it is fit for human consumption. 
There arc some 290 engines at work and 
they u.sc over 155,000 tons of coal a year, 
as well as million gallons of oil and 
over 36 million units of electricity. 
Some of the engines each pump over 27 
million gallons of water every day. 

The reservoirs in which the water is 
stored have been made on level ground 
by excavating material on the site and 
piling it up all round to form a continu- 
ous bank. Altogether these reservoirs 
hold over 22 thousand million gallons 
of water. The site for a reservoir must 


ENSURING A PURE WATER SUPPLY 



Before the water reaches the consumer it passes through various processes to ensure its purity 
After leaving the storage reservoir it passes through the Primary P liter House seen in tht photo- 
graph above In tins stage the larger suspended matter in the water is removed at a fairly rapid 
rate before the water passes on to the secondary filter beds 



Metfopetitan WiiUr Board 

Here we see something of the construction of the secondary or slow sand filter bed The water 
enters through the inlet which can be seen at the far end of the bed, then percolates through 
the sand and shmgle into the tiled drams and is led to the mam channel under the floor when it 
passes to the well at the opposite end to the inlet and is sterilised 
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FROM RIVER AND WELL 



This 


In this photograph are seen the ^t<ani turbine units at one of the large pumping stations 
supplies a number of zones in the I^ndon area with water The water dealt with here has been 
chlorinated and filtered and is then pumped through large diameter mains to se^ice reservoirs 
situated on lugh ground, and from these many thousands of consumers receive their supply 



MaropoiiMn Water BoanL 


The Thames supplies some two-thirds of I^ndon’s watci requirements, but quite j tonsiderable 
amount is also obUined from deep wells or boreholes Our photograph shows a well pumping- 
station capable of pumping some 12 mUlion gallons of water a day A certon of water 

dwit^ from the river is delivered to this station to supplement the quantity obtained from the well 
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J ttrr final C >t/(rution 


THE OLD FALL WELL 

At the beginning of the eighteenth century the only bourccs of water supply in Kui^puol re 
spnngs and shallow wells The pnncipal supply was obtained from a public w^eJl known«as hall 
Well Women carried the w^atcr from this well in tin cans borne on their shouldeis Latci, carts 
were used for carrying the water and the cans were still employetl to distubute it 


lia\o a thick stiatum of London clay 
underlying it. A trench is excavated 
on the centre line of the bank down to 
the clay and keyed into it. It is then 
tilled with puddle clay which is aftci- 
wards continued upwaids with the bank 
thus foiming a clay puddle w^all, and so 
a watertight basin is formed. 

While the w^ater is in these storage 
re.servoirs it deposits much of the solid 
matter it contains and is to a certain 
(‘xtent purified by the reduction of 
disease-producing bacteria. After cir- 
culation in the reservoirs, water is 
passed to the filtration plant. At one 
time slow sand filters were employed 
by themselves, but to-day the water 
for London goes through a system of 
double filtration, consisting of roughing 
filter beds in the first place and second- 
aiy or slow sand beds afterwards. 
The primary or roughing filter beds 
supply partly filtered water to the slow 


sand beds, the output of w'hicli is in 
cons('quence considerably increased 
Photographs of tliese jirimary and 
secondary filters arc seen on page 242 

The w'ater percolates slowly dowm- 
wards througli the sand and gravel of 
the secondary filter beds, and leaves on 
the surface any suspended matter 
which may have been in it. Tlie 
water now receives a small dose of 
chlorine, the dose varying according to 
several conditions. Large tanks, known 
as contact tanks, hold this chlorinated 
water for a period up to tw6 hours, 
thus enabling the chlorine iCf do its 
work before the water leaves the works 
After this the water is pumped through 
an intricate network of undej'ground 
mains and does not see daylight again 
until it is turned on at the tap. 

The mains through which the water 
is distributed are made of cast-iron or 
steel The pipes range from 4 inches to 



FROM LAKE VyRNWy TO LIVERPOOL 



Struarl B ih 

Botwo(Mi th» iipj)ci vallt V of the R'vtr Vyrnv\v iii M(Tntgomo^^ bhire, Wih s was con- 

vLrtotl nitci Icikt‘ b\ tlK coiistruLtion of the <lain seen in tlu photograph abo\o When it was 
L-ompleted it was for ,l time tJie largest artificial rtservoir iii Lurop» and the first in (ft Britain 
in whuh I Ingh inisonr\ darn w is cmpl<)\cd I h( length of the laki is nearly ^ nult s and it holds 

OMT 12 ooo nnlhon gallons 



uti^fAfh m 

It was nol mitd i'34/ that I iveipool (. oi poi at luii hcLaiiu icspuiisiblc lux' snppl> ing tlie city and 
neighbourhood with water From that time on it became a difhcult problem to keep the supply 
adequate foi tlic cvci -growing demands Among the schemes carried out has been the ciMistniction 
of I .»k( Vxrnwy and the pipelines necessary to (onvey the water from the Welsh lake to the great 
storage r«ser\oirs af lYescof near Lnerpool sten in tin photogiaph above 
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48 inches across inside. The largest dis- 
tribution mains throw off smaUer branch 
mains, and these still smaUer branches, 
and so on. There are also a niunber of 
service reservoirs on high ground in var- 
ious parts of London and these ensure a 
regular supply of water at all times. 

At different points along the mains 
are valves for cutting off the supply, 
as well as standpipes and connections 
for use in case of fire. A street main 
supplies all the houses in the street, 
each house having its separate turn-off 
valve. The length of the mains used 
in London is over 8,000 miles. 

Taking Away the Waste 

There is another aspect of the water 
question which has in the years gone by 
been just as great a problem as the 


water supply, and that is the disposal 
of the surplus and used water. When 
you have had your bath, out comes 
the plug and away goes the water. 
Where ? Or again there is a heavy 
rainstorm and for a brief space the 
streets almost become a river. An 
inch of rain is equal to loi tons, or 
22,635 gallons of water per acre of 
surface on which it falls. 

The original sewers of London were 
designed to carry off lain-water only 
and it was not until 1874 that a really 
comprehensive scheme was planned and 
tackled in a scientific way. It has 
since been enlarged and the area drained 
increased, but the general principles 
remain the same. A great part of the 
sewage and rainwater has to be pumped 
from one point to another. The largest 



BENEATH THE MANCHESTER SHIP CANAL 


Skwari BaU. 


Tliroughout tlic whole length of the 68 mile aqueduct which brings the watei from Lalce Vyrnwy 
to the city of Liverpool there are many crofisings over or under ri/ers, railways and canals. In 
the photograph above the pipe-lines under the Atenchester Ship Canal are seen in their brickwork 
tunnel, t 2 feet in diameter and at a depth of 6^ feet below the «»iirfnc(» 



TWO AUSTRALIAN WEIRS 



The waters of the i 500 mile Murray River have been harnessed by nver works which cost 
£11 000 000 Our photograph shous No 3 Weir one of six similar installations 011 this great South 
Australian nver Jhtsc reservoiis supply the life stream of the rich irrigation settkinents in the 

States of Victoria and South Australia 



Photo* Auttralui^ News and Informaiton Bureau 


One of the problems which has at times demanded urgent action in Australia has been the supply 
of water to the gold fields The photograph above shows Muiidaring Weir near Perth Western 
Australia From this weir a pipe-line takes water to the Kalgoorlie and Boulder gold fields, in 

the Coolgardie district, 350 miles away. 
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BEFORE THE LAKE WAS RAISED 


Wlien first the proposal was made to use the water of ©ne of the English Lakes to supply the neetis 
of Manchester, there was strong opposition, but eventually Ihirlmerc was supplying an average 
of 50 million gallons per dav Lattr, Haweswater was linked up as an additional source of supply 
Our photograph shows the countryside before the lake was raised by the construction of a dam 

across Haweswatcr Bc‘ck. 


pumping stations are at Abbey Mills 
where there are pumps capable of deal- 
ing with 2,000 tons a minute. At 
Hammersmith is a station which can 
raise a thousand tons of rain-water from 
storm-relief sewers and pour it into the 
Thames. 

Every city, town and village in 
Britain has in comparatively lecent 
times been compelled to tackle this 
problem of water supply. In Liverpool, 
for instance, at the beginning of the 
eighteenth century the only sources of 
water supply were springs and shallow 
wells, ihe principal supply in the 
town was obtained from a public well 
known as Fall Well, not very far from 
where St. George’s Hall now stands. 
The water was carried from the well by 


women who bore the water-filled tin 
cans on their shoulders. 

Later, as the population increased, 
carts were used for carrying the water, 
and the cans were still used for distri- 
buting it from the carts. Other plans 
were put forward but nothing was done 
until 1786 when an Act of Parliament 
was passed which enabled the Town 
Council to supply the district with 
fresh water. Then companie$ were 
formed but the supply they give was 
very inadequate. The water was only 
turned on in the mains two or three 
times a week and then only for two or 
three hours. If a fire broke out it 
probably meant waiting for an hour or 
two before any water at all could be 
obtained 



THE WATER WE DRINK 


Removing a Village 

A real beginning was made in 1847 
when the Corporation became solely 
responsible for supplying the city 
with water. In 1880 they obtained 
authority to take water fiom the River 
Vyrnwy in North Wales and in July 1891 
water was first sent through a tempo- 
rary line of 12-inch steel pipes for a 
journey of 68 miles from the artificial 
lake which had b(‘en consliucted right 
through to the city of Livcipool. At 
the time Lake Vyinwy was the largest 
artificial reservoir in Europe and the 
first in Great Britain in which a high 
masonry dam was employed. 

While this new lake was being con- 
structed a whole village had to be 
destroyed. Houses, school and church 
J] pulled down and rebuilt bek»w 
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the great dam which was built. Since 
it was first made. Lake Vyrnwy has 
gradually increased its supply to the 
city, and the construction of a fourth 
pipeline was begun in 1947. 

Another city which has had to go a 
lung way for its water supply >s 
Manchester. It first sought for water 
in the Longdendale Valley in the Pen- 
nine Range, some 18 miles to the east of 
Manchester. 'Ihe fiist instalment of 
water from this soiiicc was delivered in 
1851, but the constiuction of the whole 
works extended over a period of 40 
years. 

Long before it was completed Man- 
chester realised that with a rapidly 
increasing population the plans they 
had in hand were likely to fall far short 
of what was necessary Ihey went as 



^hfahatm I tJ 

AFTER THE DAM HAD BEEN CONSTRUCTED 


In this photogiaph wc ha.v<,» the same view of Mardalo Head and Harter hell taken alltr the ctui 
structioii of the dam across Haweswater licck Ihis new source of supply was completed in 1941 
Water for Manchester and some of the towns thiough which the ])ipe-lme jjasses can now be drawn 
trom either Haweswater 01 riiirlmerc The water surface area f>t the lake was increased from 

34O to 074 icres 
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CwtrU^y MuncHfSter Lorpiirafton 

HAWESWATER DAM JUST AFTER COMPLETION 

This photograph, taken just after construction hacl been completed, shows the great dam at the 
north-east end of llaweswater It Vi 1,550 feet long and its maximum height is 120 feet The 
length of the lake was increased from 2} miles to 4 miies as the waters gradually rose and spread 
over a wider area to form a reservoir holding 18, (>(>2 million gallons of water to supply the netxls 

of a city 80 miles away. 


far afield as the Lake District and at 
the time there were strong pioiests on 
the ground that if their plans were 
carried out they would rum the beauty 
of the surroundings. 

From Thirlmere and Haweswater 

They were earned out, however, and 
even the objectors agreed later that the 
beauty of the district was in no way 
impaired. The aqueduct which brings 
the water from the Lake to the thirsty 
citizens of Manchester is 96 miles long. 
Eventually even Thirlmere could not 
meet all the requirements of the still 
growing city and in 1919 a Bill was 
passed enabling the city of Manchester 
to purchase Haweswater, the highest of 
the English lakes 


Some idea of the work involved can 
be gathered from the fact that the farst 
water from Haweswater to reach Man- 
chester through the Sprint Siphon and 
Thirlmere Aqueduct was in October 
1941. Haweswater is 80 miles from 
Manchester. By the construction of 
the dam across Haweswater Beck the 
water level of the lake has beeh raised 
95 feet and bolds a supply of over 18 
thousand million gallons. 

When eventually the full st^eme is 
complete Haweswater will suppw about 
72 imllion gallons per day for Man- 
chester and other towns near the route 
taken by the great aqueduct. For not 
only is Manchester itself drinking Lake 
District water ; in the Act which 
gave the city the right to do so it is also 
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laid down that certain other towns 
shall be entitled to obtain their supply 
from the same source Broadly speak- 
ing, the towns entitled to this are 
those which he within five miles of the 
1 hirlmere or Haweswater aqueducts 
The fears which, not unnaturally, 
many people have liad m tlie past that 
the construction of mighty dams and 
the schemes for impounding the waters 
of a pleasant lake or iiver will destiny 
the beauty of the distiict have actually 
been falsilied by the results In no 
case, perhaps, is this more evident than 
the Elan Valley, from which source 
the city of Birming- 


a question of quantity New York can 
claim to use more water than any other 
city The aqueducts which bring water 
to this, the second largest city of the 
world, are the biggest ever constructed 
The first of New York's sources of 
supply IS the Croton Reservoir, thiny- 
hve miles north of Amciica’s chief ritv 
From this reservoir well over 300 
million gallons of water are brought 
daily 

1 his reservoir was formed by blocking 
the course of a river with a dam that is, 
next to the Pyramids of Egypt, the 
greatest of all masonry structures 


ham draws its water 
supply by means of 
an aqueduct 74 
m^” .oug 

Ihe Elan lists in 
Caidiganshire and 
then flows south- 
t a b t through 
Kadnoi shire and 
Brecknockshire 
iiiiiil it tnteis the 
Wye The water- 
sheds of the Elan 
and Its tributary, 
the Claerwen, were 
acquired by the 
Bi rmmgham Cor- 
poration and three 
reservoirs have been 
constructed on the 
Elan to impound its 
pleasant wateis for 
the benefit of Bir- 
mingham residents 
This supply was 
greatly increased by 
the opening of the 
Claerwen Dam, the 



highest in the 
British Isles by 


Eliza- 

beth 11 on October ro* ph^os 


23rd, 1952. 

Water for New York 
When It comes to 


A RESERVOIR IN THE ELAN VALLEY 

Here have a view of the source of Birmingham s water supply from 
Mid VS ales This shows the bridge over the Elan with the Caban Goch 
reservoir and dam some little distance beyond the bridge The city's 
water supply from this area has doubled by the Claerwen dim 
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Nearly half-a-mile long, 300 feet high 
above its base, and 200 feet thick at the 
bottom, it holds back 32 thousand 
million gallons of water. 

Even this enormous quantity did not 
prove enough for the ever-increasing 
demands of the city and a still bigger 
scheme was carried through. An 
artificial lake, 12 miles long and one 
mile wide, was created 100 miles to the 
north of New York, This lake holds 
four times as much water as the Croton 
resei voir. The Catskill aqueduct wliich 
leads the water to the city from this 
mighty reservoir is some 17 feet high 
and over 14 feet wide for a great part of 
the distance. Tt passes right under 
Croton Lake and later under the East 
River to Staten Island after traversing 
some 125 miles. 

Australia’s Long Aqueduct 

For one of the longest aqueducts yet 


constructed we must go to Western 
Australia. In 1892 gold was discovered 
at Coolgardie in an almost waterless 
desert, many miles west of Perth, the 
capital. People flocked to Coolgardie 
and in a short time the .shortage of 
water became acute. Ihis lack ot 
water, and the impurity of the small 
quantity that was obtainable, led to 
disease, and this became a major prob- 
lem. In addition, the 1 ailway to the gold- 
field could not be woiked ovMiig to this 
same difficulty over the water supply 
The (Government had to take the* 
matter in hand. A big leservoir was 
formed near the coast by damming the 
Helena River and a 350 mile line of 
steel pipe, 30 inches m diameter, was 
laid from the reservoir to the goldfield 
As the reservoir was much nearer sea- 
level than the goldfield, eight pumping 
stations had to be built to pass the 
water along in stages. 



Planet 

CLAERWEN DAM, HIGHESf IN THE BRITISH ISI FS 


Biinnnj'ham tJic second Urgest city in Britain and the centre oi a. gieat nianulactuniig an w 
\ large and constant supply of good water is essential for health and industry, and in Octolx*!. 
n>5^ Claerwen Dam Aas opened by H.M. Queen Elizabeth II. The dam is 184 ft. liigli and a 
ro.jdw ly runs along its i,ioo-ft top. The openmg of tins dam maiked the completion of a gr# 
scheme inaugurated in 1902 by King Edward VI I 





WITH THE FIRE FIGHTERS 



\txrrur heiiure-^ 

WHF.N THE FIRE BRIGADES FACE HEAVY ODDS 

Fire uridoi u)ntiol is ono of oiii iiio,t st^rvants, but m it<? fb^structive foims it is still one 

t»f mail's most lormid«ibl<^ crioiines. Properly organised fire-fighting stu vices were fust under- 
tak(‘ii m this coiintiv l>y insurance companies but they have long been a public service. Our 
putuie shows something of the ta>k that confronted the brigades summoned to an outbieak at 

a guat rubber dump near London. 


F ire is one of tlie gieitc-st of th(‘ 
natural forces wliicli lias lu^Ij)e(.l 
man in the upward climb from 
his earliest .savage stage, ])ut it still 
remains one of his greatest enemies 
when beyond his control. 

Tlu‘ discovery of how' to make fire 
at will and use it for his own purpo.ses 
was the fust big step forward made by 
primitive man. Yet in recent times 
fire has destroyed great cities and takes 
its toll of life and property every year 
in all countries throughout the world. 
Man is still faced, as in his earliest days, 
with the problem and peril of fire in 
its destructive aspect. 

Even to-day, despite the precautions 
taken to avoid risk of an outbreak of 
fire, the loss caused in Great Britain 
amounts to about £12,000,000 each 
year. During the war years it was of 
course very considerably more, and 
never before was the importance of 


efficient fighting services against this 
peril made so clear. The le.ssons 
leanud during those yeais when this 
country lived through its ordeal by lire 
have not been forgotten. To-day our 
fiie-fighting services are highly-tiaincd 
and splcndidly-ecjiiipped forces, ready 
for instant action when the call comes 
Methods of fighting outbreaks of fire 
have existed almost ever since civilisa- 
tion began. There is evidence that the 
Egyptians had fire brigades in 2,000 
B.c. Hero of Alexandria, about whom 
we read in Volume VII, described what 
he called a " siphon which was used 
to put out fires in the year 150 n c. 
The Romans liad a well-organised fire 
brigade service ready to go into action 
in any part of their city when outbreaks 
occurred about the year 40 B.c. Hose 
pipes for conveying water to lielp in 
putting out fires were in use quite 
early in the Christian era. 
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In England nothing very much in 
the way of organised fire-fighting 
appears to have been undertaken until 
the early insurance companies began 
to form fire brigades of their own to 
protect any property they had insured. 
Tliis was in the eighteenth century, 
and an Act of Parliament was passed 
in 1744 wliich ordered the clmrch- 
wardens of all parishes in London to 
keep a proper engine to deal with any 
fires that broke out in their own 
districts. 

When Danger was Foreseen 

The insurance companies still led the 
way, however, and in 1833 they com- 
bined to form the London Fire Engme 
Establishment. Their first commander, 
James Braidwood, was himself killed 
while fighting a fire near London 
Bridge in 1861. 

Five years later the fire brigades in 
London became the res]X)nsibility of 
thn Metropolitan Board of Works, 
which was replaced in 1888 by the 
London County Council. In other 
parts of the country fire brigades were 
organised by the local councils and in 
all the impcjrtant cities and to\vTis a 
fairly efficient fire-fighting service was 
gradually develop* d. 

When the Second World War broke 
out in 1939 it was realised that the 
risks of fire had been enormously 
increased. The authorities had fore- 
seen the danger in advance and an 
Auxiliaiy Fire Service had been formed 
to assist the regular brigades. Large 
numbers of trailer pumps, hose and 
other equipment had been distributed . 
to fire brigades throughout the country 
by the Government. 

There were some 1450 brigades in 
England and 200 in Scotland, and 
in 1941 these brigades were united 
to form the National Fire Service. 

The number of firemen was very con- 
siderably increasi d and. as in the 
fighting forces, women were brought 
in and did great work in control rooms, 
as drivers, wireless operators, motor- 
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cyclists, cooks, and in running mobile 
kitchens and canteens to help in sus- 
taining the firemen during their 
arduous tasks. In addition, of course, 
many clerical posts in the Fire Service 
were filled by women. 

Some part of the story of the 
magnificent work these men and women 
of the National Fire Service and the 
Women's Auxiliary Fire Service did 
during those strenuous years is told in 
" Their Finest Hour " in Volume 11. 
In one period of twenty-two days and 
nights in I.x)ndon the fire-fighters were 
in action at nearly 10,000 fires, and 
in other great cities many similar 
stories of courage and endurance can 
be told. 

The National Fire Service was, how- 
ever, formed only as an emergency 
measure and with the end of the war 
there came a desire for the Brigades to 
return to some measure of their old 
indept nd<*nce. Local patriotism counts 
for a good deal and many of our File 
Brigades have their pixiud records and 
traditions of service in the sanrre way 
that many of the famous regimiaits in 
tht* Army cherish their traditions of the 
past. The Fire Services Act of 1947 
provides that for the future the re- 
sponsibility for fire-figliting will be 
with the County Councils and certain 
other authorities in England and Wales ; 
in Scotland with the Councils of Counties 
and the large Burghs. 

Training of firemen in the methods 
used to combat outbreaks remains 
similar throughout the country. Many 
invaluable lessons were learned during 
the testing years of 1939-45. In 
London the would-be fireman has 8-9 
weeks intensive training at the Training 
Headquarters in Southwark \ Bridge 
Road. ^ 

The prospective fire-fighter ijpust be 
not less than 21 or more than 31 years 
of age and preferably under 25. He 
has to pass various tests as well as 
a written examination before being 
accepted for training. That these 
tests are not very easy can be judged 



WITH THE FIREMEN IN TRAINING 



Fox Photos. 


Training to be an efficient fireman is strenuous work and only the strongest and most resourceful 
men can take up this calling. Above we are shown a team at practice, the tower having been 
built specially for this purpose. From different floors in the building firemen are attacking a 
fire with their hoses and we see, on the left exactly how a fire fighter operates from the top of a 

telescopic escape ladder. 
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from the fact that on an average 
only a hundred men out of every 
thousand are finally passed — and the 
majority of applicants to-day are those 
who have served in one of the branches 
of the fighting services 

There used to be a preference for 
e\-seamen because in the old days 
the sailor was accustomed to climbing 
aloft and did not woiry about being 
perched liigh above deck wliile he got 
on with a strenuous job That point 
scarcely counts so much in these days 
when sailing-ships are few and the 
sailor who has climbed the rigging to 
trim sail is a rarity Even so a man 
who might feel a trifle nervous w^hen 
handling a hose at the top of a 
go-feet turntable ladder, with flames 
in front of him and smoke swirling 
around him, would be happier in 
some less strenuous service than fire- 
fighting 

For the man in training it is a 
sti nuous day from 8 30 a m to 6 p m 





A COOL HEAD FOR HOT WORK 


Oftor where there are towering buildings 
in narrow streets our fre lighters have to 
work from the tops of tall ladders as 
hfre shown 


dunng these eiglit to nine weeks 
before he takes his final tests These 
tests are not only practical and techni- 
cal, but there are written papers and 
an oral examination as well before he 
IS finally passed as qualified for the 
Service 

Teams in Training 

Take a brief look *it the Training 
Head(]uarters on any 1101 nial woiking 
day In one yaid a squad of men ,iic 
practising with cxhnsible laddcis of 
which tlu u are various types On this 
occasion the lidder is touching the 
wall of the building by an open 
window 

A fireman goes up, clambers through 
the window, and in a few momtnts is 
climbing back on to tlie escape again 
But now lie has one of liis ft How 
recruits across his shoulders and bungs 
him down tlie < scape to liy him gently 
on the ground True, he dot s not 
rest there veiy long but pr.ictitt in 
careful handling of icscucd persons is 
as important as practice in seeiiTg that 
every safety device on the escape 
ladder is in its proper position 

Later the team take turns at this 
rescue act from the roof E\<ry min 
has his full share of practice in t airying 
down a human burden -and in playing 
the part of the buiden as well ’ It is 
not merely practice in rescuing and in 
learning sclf-confidence, but 111 knowing 
just what it feels like to be rescued 
In the early stages of their training 
most men prefer to be the carriers 
rather than the carried I 

Other ladder practice in another 
part of the training-school is Mnth the 
type of ladder which is so made that it 
can be readily attached to a top-storey 
window These ladders are fittjed with 
a saw-like steel bar, with a hook at the 
end, to enable them to take a fijrm hold 
on the window-sill First, the fireman 
climbs to the first storey on one ladder 
then a simil ir ladder is handed to him 
by a comradt and this is faxed to the 
next storey window A quick test 



A SELF-PROPELLED PUMP WITH LADDERS 

The engine seen above is one of our latest fire-fighting appliances, speedy, reliable and equipped 
with every device science can create for the work entailed Contrast this with the horsed 
engines and escapes which once dashed through Loudon's streets To-dav there is one unit, 
and in many cases the self-propelled pumps carry their own escapes. 

assures the fireman that the ladder has buses and trams out of action when 
gripped on properly. they are likely to be dangerous during 

Up the ladder the fireman goes and rescue vvork. There is a good deal to 
the performance is repeated until the be learnt about equipment and its 
top storey is reached when the process proper use. A fireman’s job is one in 
is reversed. Watching a fairly ad- which the motto ‘‘ Be Prepared for 
vanced class on this particular exercise any Emergency ” is highly necessary, 
gives the impression that it is com- 
paratively easy to young, fit men and Ready for Accidents 
just a matter of routine ; fixing, Wliat is a fireman doing when he is 
testing, climbing, clambering from not actually figliting fires ? Looking 
ladder through the window, then draw- after the apparatus and equipment ? 
ing up the ladder to repeat the process That is one task, of course, since 
again does not look a very difficult io.sk. everything must be instantly ready 
But watch a fairly new class of when the call comes. But fires are not 
recruits practising the early stages of the only calamities to which the firemen 
this same very necessary exercise and are called. A train smash or an 
the onlooker has a wonderful lesson on aeroplane crash are just as urgent calls 
the difference wliich experience and to action as a fire. When floods occur 
practice make. the most desperately-needed help is 

In a lecture-room another class is that given by the firemen with their 
being shown by an instructor the pumps, in addition to any rescue work 
simple equipment employed to put the that may be necessary, 
overhead live wires used for trolley- Then there are minor accidents such 
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as lifts sticking half-way between 
two floors, imprisoning the unfor- 
tunate passengers. The firemen know 
just how to handle this problem. Or 
a small boy finds it comparatively 
easy to push his head between iron 
railings so that he can get a better view 
of what is going on down below. It is 
only when he tries to bring his head 
back again that panic comes. His 
head obstinately refuses to come back 
though it went through the railings 
easily enough. 

Caring for Animals 

It is generally the fireman’s job in 
the end Usually special expanders 
are used which force the railings far 
enough apart for the small imprisoned 
head to be withdrawn and accompany 
its owner to the home to which his 
legs have been so anxious to carry him 
ever since the tragedy happened. 

Animals, too, provide work for the 


firemen. The venturesome kitten 
climbs a tree, and, like the small boy, 
gets stuck in some impossible position 
from which it cannot escape by its own 
efforts. It can and does proclaim its 
trouble to all the world within hearing. 
Usually it is the fireman with his ladder 
who is called to the scene and carries out 
the rescue woik quickly and efliciently. 

An affectionate regard for animals 
is among the traditions of the Fire 
Service. There is a memorial stone at 
Southwark Bridge Road recording the 
virtues of Bill, the station cat for 
eighteen years, who was evidently a 
prince among cats, and yet, like all 
other cats, loved warmth— and a good 
fire I 

Animal stories are numerous. There 
was a horse that went up the steps to 
a house, through the front door and 
the hall and up the narrow stairway 
without causing any traffic jam. It 
was only when it was in one of the 



THE FLOATING FIRE ENGINE 

For ube against ships burning in dock or mid-stream and for fighting fires in docks and ware- 
houses specially-equipped fire-floats are used. In this photograph one of these fire-floats is in 
action, her side illuminated by a blaze on the river bank. Fire floats can often draw much nearer 
to conflagrations than could a vehicle ashore and they are never short of water because this 

element is all around them* 



HOW THE FIREMEN LEARN AND WORK 
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j^oaf Photos 

la this picture is a scale model of a ware- 
house aad offices Smoke is pumped into 
the model to give realism and the firemen 
are then instructed in their work 


Fox Photr ? 

Tho photograpli above, taken during a 
display give n by London Firemtn, demon- 
strates how a person is rescued from a 
burning building merely by the use of lines 
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Central Prese. 

For work in some classes of fire, when the 
smoke is very dense or charged with gas or 
acid, it IS necessary for firemen to wear 
breathing apparatus 










Central Press 

In this picture the rescuer is wearing a self- 
contained oxygen breathmg apparatus and 
carrying his human burden by the method 
known as the " Fireman's Lift." 
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upstairs rooms that the trouble really 
began. Getting into the room had been 
simple ; getting back into the road 
again was a vastly different proposi- 
tion. It was another job for the 
firemen and they did it all right. 

Traditions of a Great Service 

But fighting fires and rescuing those 
in peril remains the great task. Over 
the entrance to one of the buildings at 
the Training School is the advice given 
many years ago by Sir Eyre Massey 
Shaw, chief of the London Fire Service 
from 1861 to i8qi. Every recruit to 
the Service is shown this notice written 
out in large letters : 

“ A fireman to be successful must 
enter buildings ; he must get in below, 
above, on every side, through panels of 
doors, through windows, through loop 
holes, through skylights, through holes 
cut by himself in the gates, the walls, 
the roof ; he must know how to reach 
the .ttic from the basement by ladders 


placed on half-burned stairs, and the 
basement from the attic by rope made 
fast on a chimney. His whole success 
depends on his getting in and remaining 
there and he must always carry his 
appliances with him as without them 
he is of no use.” 

For service in our great ports special 
equipment is often necessary, and fire- 
floats will take the place of the road- 
engines normally used. Again, a differ- 
ent technique is required at big airports, 
where the danger of an aeroplane 
making a crash-landing and bursting 
into flames is always a possibility. 

There have been changes in equip- 
ment and in methods, but the spirit, 
traditions, and the discipline of this 
great fire-fighting service remain as they 
were when this advice was first penned 
nearly ninety years ago. Among the 
many and varied services which have 
been built up in this country for the 
common good, our fire-fighters hold a 
highly important place. 



FOR FIGHTING FIRES AT OUR AIBFORTS 


Miffcfpic, 


The most modem and most elTicicnt fire ciif^ine in the world is this new type which has recently been 
installed at London Airport. It is seen here in action as it sends forth streams of C'O# gaui. The 
top fountain will go round and round m a circle when necessary. The engine is driven right into the 
centre of any aircraft fire and the clouds of white gas immediately extinguish the flames. 


HOW WE GET OUR CAS 



DRIVING THE GAS HOME 


North Thames Ga\ Hoard 


Tills IS ,i \ K‘\v of Ihr plant used for pumping gas into the* great mams which interconnect gas making 
and gas distributing stations in London, and enable any one to draw supplies from elsewhere The 
pies‘*uie in tlv s< main^ from tlie " booster house " is considerably higher than that in the ordinary 

distributing mams of a district 


I N the yeai i8io there was formed 
in London a company called the 
(las Light and Coke Company, to 
supply gas and coke to the public. 
Ihe idvii of doing such a thing was 
novel, and many people regarded it as 
quite impiacticable 7 lie company, 
howcvei, was giantcd a loyal charier 
in 1812. 

From East to West 

In its early days it had many diffi- 
culties to fight against, and experience 
in gas-making was bought at heavy 
cost, which made the share t'oldcrs 
very downhearted at times. But after 
it had got over what we may call its 
teething troubles, the (ias Light and 
Coke Company began to giow lustily, 
and gradually new gas companies 
came into existence throughout the 
country. 

Then on May ist, 1949, the 1,037 
undertakings in the British gas indus- 
try, some of which were independent 


companies while others were owned bv 
local authorities, were all taken over by 
the Government and became State- 
owiK'd. The nationalised industry is 
now controlled by the Gas Council and 
bv twelve area Gas Boards. The total 
number of consumers served by the 
industry in 1951 was 11,981,107, of 
whom 11,230,607 were domestic con- 
sumers. 

Altogether the industry supplies some 
2,460 million therms (equal roughly to 
500,000 million cubic feet) of gas to its 
consumers in a year, and about 143,000 
workers are employed. Nearly 26 J 
million tons of coal are carbonised in a 
year. 

Gas is not by any means the only pro- 
duct of the gasworks. The coke which 
is left behind in the retorts is used in 
millions of homes for water heating and 
as a smokeless fuel for fires. About ii| 
million tons of coke are sold every 
year, and the demand for coke still 
exceeds the supply. Tar is another 
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HOW COAL GAS TRAVELS- 
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Specially drawn fcf this work. 

The life-history of coal gas begins in the retorts — the latest form of vertical retort is here shown — 
where the gas is separated by heat from the solid coke of the coal. The gas is pulled oot of the 
retorts by a blower, which drives it forward through the many parts of the plant which free it 
of various impurities. These, if allowed to remain in it, would cause troubles of different kinds, 
whereas when extracted they can be turned to useful account. In the condenser the hot gas 
is chilled and releases the tar, which falls to the bottom and is drawn off into a reservoir. 








^pecuxlly drawn for this work 


The Ras next pa'^sea through water in a " washer and i iscs among falling water m a scrubber 
to be deprived of ammonia gas, which the water absorbs greedily In the purifier, next 
encountered, the gas moves ovei trays of iron oxide The oxide robs it of sulphuretted hydrogen 
a very eMl-smclling gas Further apparatus extracts anthracene oil, naphthalene, and benzol, 
the last ot which is used as a motor-car fuel Between the gasholder and the distributing 
mams is a govcinoi which automaticallv rtgulatcs the pressure in tlu mams 
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valuable by-product of the gas works, 
and nearly x\ million tons are supplied 
each year. Over 2,000 different chemi- 
cals can be made from tar alone. Other 
products of the gas works are dealt with 
elsewhere in this volume, but it is neces- 
sary to stress this aspect of gas manu- 
facture since so many industries rely 
upon the by-products obtained when 
coal is carbonised. 

A good deal of research work has been 
carried out to ensure that the gas sup- 
plied to the domestic consumer is not 
wasted. Modem gas appliances are 
designed to work most efficiently at a 
certain pressure of gas and for a certain 
quality. Cooking uses more gas than 
anything else, and the demand at cer- 
tain hours of the -day is particularly 
heavy. Now that the industry is 
nationalised it is possible to increase the 


already considerable amount of inter- 
connection between the works in 
different areas so that there will be 
a steady supply of gas to all users, 
no matter how heavy the demand 
may be. 

What Gas Means to Us 

The replacement of gas by electricity 
for lighting may give rise to the belief 
that gas is of less importance than 
formerly. Such a belief would be a 
mistaken one, however, for the use of 
gas has increased almost as much 
during the last five years as during the 
preceding twenty years. 

The fact is that people are depending 
more and more on gas for cooking and 
heating, and less on raw coal, because of 
the greater cleanliness and convenience 
of the first. Its use for lighting pur- 
poses with which it 
first began has now 
become considerably 
less, but in other direc- 
tions gas consumption 
is increasing ^ steadily 
and this is especially 
true so far as its use in 
industry is conceined. 

Many houses are sup- 
plied with gas through 
slot meters. The con- 
sumer drops in a shilling, 
and when the amount 
of gas to the value of the 
coin has passed through 
the meter the supply 
stops, and another coin 
must be contributed. 
But domestic heating 
is only one of many 
applications of gas, for 
cod-gas is u|ed as a 
fuel in ov0r 3,000 
trades, and on the 
average for rhove than 
seven processe$ in each. 
The gas industry in 
this country therefore 
fulfils a highly important 
purpose. 



North 7 hames Gas Board 

A GIANT STOKER 


This great machine, moving on rails behind the roar ends of the 
retorts in a retort house, performs two duties It thrusts into 
eacli retort in turn a rammer, which pushes the exhausted coke 
out through a front end, and at the same time introduces a 
fresh chaige of coal, supplied fiom the hopper which brings it at 
regulat intervals 
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North I hafnrs Ga^ Board 

INSIDE A HORIZONTAL RETORT HOUSE 


This pictme shows us the cast-iion ends of hundieds of lotorts, which evtend iisht through a 
huge block 20 or more feet thick In twehe hours 01 so about 13 cwd of coal is bakc'd in each 
reloit till It has given up all its ga^ which passes <»ii» through one of the many upright pipes 

A Tour of a Gas-works seems a bit of a mystery until we 

Let us pay a visit to one of London’s learn that its funnel dips,” and that 
largest gasworks at Fulham. These the ship is designed specially foi 
are now more than loo years old, and up-river work. 

probably the oldest in London. But On the wharf are three large 
in spite of their age, they have, so to cranes, each carrying what is called 
speak, always kept young in the sense a grab. This has two great jaws 
of being up to date A tour of the which, when closed together, form a 
35 acres which they cover serves to large semicircular bucket. One of 
dispel any belief we may have enter- them is being lowered into the hold 
tained that gasworks are unintt I esting, with its jaws spread wide open. It 
even though very necessary, parts of settles on the coal below, and as it is 
our civilisation. raised bites deeply into it till its jaws 

Our conductor leads us down to a meet. Then up it comes with 4 tons 
wharf on the northern bank of the of " run of mine ” coal, that is, un- 
Thames, where wc find a large sea- screened coal of all sizes, from good- 
going ship, one of the colliers that has sized lumps to duat. The crane swings 
brought 1,750 tons of coal direct by it round over a great concrete hopper, 
water from the Tyne. How it passed and opens it. Back it goes again for 
under sixteen road and railway bridges another dip. Between them the three 
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grabs will unload the ship in five hours. 
Pretty quick work this — and quick 
work is needed, since the station 
always demands 1,500 tons of coal a 
day. 

Through the bottom of the hoppers, 
which hold 2,000 tons, the coal fsills on 
to an endless rubber belt, 30 inches 
wide, which runs over sets of rollers 
placed a few feet apart. The rollers 
give the belt a trough shape, and this 
prevents the coal spilling. 

Carried bjr Belt 

The belt rises on an inclined frame- 
work to a height of 20 feet or so above 
the ground, and passes the coal on to 
another belt, from which it is trans- 
ferred to another and another till it 
reaches a crushing station, where it 
goes through machinery that breaks 
up all the large lumps. Thence it is 
carried by belts to storage hoppers at 
the top of the retort houses. Before 
rea hing the breaking station, by the 
way, it travels over a yard, where any 
not needed for immediate use can be 
thrown off on to a great long pile. 
'Fhis pile has a railway track on either 
side of it for a travelling crane and 
grab, which transfers coal from it to 
two other parallel piles, or trims the 
piles as needed, or picks up coal from 
the piles and puts it on to the belts 
again. 

The storage piles are a very important 
feature of the works, for in them can 
be collected up to 40,000 tons of coal 
as a reserve. One notices many iron 
bars and pipes sticking out of the piles. 
They go right through them, and warm 
up if the coal becomes hot underneath. 
Thermometers can be let down inside 
the pipes to find out what temperature 
is registered. 

Where the Gas is Made 

We presently find ourselves in one 
of the four retort houses in which gas is 
driven out of the coal by heat. This 
one has horizontal retorts. Imagine a 
very large chamber with a block which 


is 20 feet thick, and as many high, ' 
running down the middle of it. 

On each side of this mass of brick- 
work are five tiers of iron doors, 
shaped like a D turned flat side down- 
wards, forty in a tier — 200 in all 
The doors are the ends of retorts, 
which are ovens of silica brick built 
through the thickness of the block. 
The retorts are grouped in sets of ten — 
five pairs one above the other. 

Under each set is a fiunace of coke, 
through which air is drawn to form a 
combustible gas. This burns as it 
passes up and down on each side of the 
retorts, raising them to a temperature 
thirteen and a half times that of boiling 
water. After doing their duty in 
heating the retorts the gases are 
carried away through huge pipes to 
boilers, where steam is raised for 
generating electricity and other pur- 
poses. The use of the waste heat in this 
way means a saving of thousands of 
tons of fuel every year. 

On one side of the wall are rails for a 
great machine which does the double 
duty of pushing the coke out of a retort 
that has been “ cooking ” its charge 
for twelve hours, and putting in a 
fresh charge of 13 hundredweight of 
coal. A retort door is opened and 
flames pour out for a moment. Then 
the machine comes opposite it. Inside 
the machine is a great eight-sided drum 
with a jointed rammer lapped round 
it. The drum revolves, and the rammer 
is forced into the retort. Meanwhile, 
its trough-like links receive coal from 
a bin in the machine fed from over- 
head hoppers and carry it into the 
retort. l 4 esently the rammer is with- 
drawn and wound up again ^on the 
drum. i 

i, 

“Drawing” the Retorts ^ 

We now go through one of thettunnels 
in the wall to watch the effect of the 
operation from the other side when the 
next retort is " drawn.” The heat 
drives us back as a torrent of red-hot 
coke issues from an open door and falls 



DRYING THE GAS 



North rhatnt^ Gas Board. 


This plant removes most of the moisture from the gas by means of a conoenti*ated solution of calcium 
which flows down a packed tower. The gas streams upwards through the packing, and the moisture 
IS absorbed by the solution. The diluted liquor is reconcontrated on another part of the works and 
used again. This photograph was taken at the Southall works of the North Thames Cias Board. 
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COOLING THE CAS 


North Tfkiftus Gas Board 


The hoi gas fiom the reports is sent through condensers, which chill it and make it pait with most 
of the tar that it (arric's This picture shows a giouj) of condensers, « ontairiing nia^iv pipt s 
through which cold water circulates Dining its passage among the pip« s the g.is gi\(s up mu<h 

of its heat to the watei 


on to a conveyor running at floor level 
along the front of the wall. 

The retorts are drawn in rotation, a 
“ round ” being made in twelve hours 
So theie is a steady supply of gas 
coming away from year’s end to year’s 
end. Before troubling ourselves about 
what becomes of the gas after it leaves 
the retorts we inspect another building 
in which the retorts are upright. The 
advantage of this kind of retort is that 
it takes up less floor space and works 
continuously, coal being fed in at the 
top at short intervals and drawn off 
steadily at the bottom. Also, the coke 
IS delivered cold instead of in a red-hot 
condition. 

An electric lift takes us to the top of 
a vertical retort house, from which we 
get a very fine view of London for many 
miles round. After admiring this we 
turn our eyes indoors to a belt con- 
veyor which is feeding a number of 


hoppers The bottom of each hoppei 
slopes in all directions towaids foiii 
outlets, through which coal is drawn 
off for two retorts below. 

On the Charging Floor 

Descending a staircase, wc find our- 
selves on the charging floor, below the 
hoppers. Our feet are now level with 
the tops of the retorts. By moving a 
lever, coal is let into a box, from which 
it can be released into the retort under 
it without admitting air. 

Our guide selects a retort nbt in use, 
and lifts a cover. We peer down into a 
shaft nearly 27 feet deep, and measur- 
ing 100 inches by 10 inches at the top. 
The last two dimeasions increase gradu- 
ally downwaicLs to 104 and 18 inches at 
the base, in order that the coal 
may not jam as it is coked during its 
descent. 

Theie aic seventy-two of these re- 
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A LABYRINTH OF PIPES 


North 1 hamtfs Ous Hoard, 


'I hi'' IS an atniosplnin mmit'nsci In this case the gas has tu tiavel from one of the great 
cross-pipes to the uthei llitough the many 7ig-zags of smaller pipes connecting them, which are 
cooled outside by the an You will see that all the pipes of a zig-zag slope gently downwaids, 
so that coiidt nsfd tai or watei shall diain out of tliein. 


torts, and they can deal with about 
650 tons of coal, yielding 10,000,000 
cubic feet of gas, in twenty-four hours. 
The retorts arc heated by flaming gas 
rising between them and an outer jacket 
of brickwork. Then down more staiis 
to the discharging floor. Here we see 
hoppers in which the exhausted coke is 
caught. The movement of a lever empties 
some of the coke on to a conveyor belt, 
which takes it out of the retort 
house. 

Gas from Coke, Water and Oil 

" I must now show you our water- 
gas plant,'' says the oblipng guide. So 
we pass on to another building in which 
air and steam are blown alternately 
through glowing coke. The heal sepa- 
rates the hydrogen from the oxygen of 
the steam, and this oxygen combines 
with the carbon of the coke. 

In this manner a mixture of two com- 


bustible gases — hydrogen and carbon 
mono \ I df" —comes away. This is “ en- 
riched, ' that is, made of greater heat- 
ing value, by being mixed in a chamber, 
named a carburetter, with the vapour 
of a heavy oil got from petroleum. This 
water-gas plant, we are informed, can 
convert 70 tons of coke and 5,000 
gallons of oil daily into 4,000,000 cubic 
feet of gas, and is very useful for meet- 
ing any sudden demand on the works. 
Plant of a capacity of 6 million cubic 
feet per day has been added and the 
sequence of valve changes formerly 
carried out by hand is now arranged 
automatically by a mechanical opera- 
tor. In the same way the heavy work 
of clinker removal has been eliminated 
by continuous extraction through a 
rotary grate. The gas, it should be 
added, is mixed in due proportion with 
the ordinary coal gas before reaching 
the gasholders. 
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Cleaning the Gaa 

The gas would not leave the retorts 
and travel through pipes of itself, so it 
is sucked out by engines called ex- 
hausters in another part of the works. 
These draw it through water in a 
trough called a hydraulic main, in 
whi<± much of the tar it contains is 
deposited, and through a condenser 
which cools it. The condenser is a 
number of great zig-zags of pipes in the 
open air. As it flows through these 
the gas gives up most of the rest of its 
tar, which tricldes down the pipes and 
is collected. 

It is then pushed by the exhausters 
through another condenser, and an 
apparatus which dissolves the ammonia 
gas in it in water, and at the next stage 
it is entirely freM of tar. Then it 
passes to another plant in which it 
meets oxide of iron spread on trays, 
and has the sulphuretted hydrogen 
taken out. 

The liquid containing the ammonia — 
called ammoniacal liquor — is sent to the 
Beckton works, where it is used in 
making sulphate of ammonia, while 


the oxide of iron, loaded with the 
sulphur it has picked up, is employed 
in the manufacture of sulphuric acid. 

The now purified gas has a final 
washing in oil to remove any naph- 
thalene, and goes through meters 
which can measure 1,650,000 cubic 
feet an hour between them, to one 
or other of six great gasholders. 

All the coal gas may be passed 
through lofty towers down which oil is 
trickled and this dissolves from the 
gas the benzole and the toluole vapours. 
This oil at the base of the towers is 
sent to a still where the benzole, etc., 
is distilled off. 

Like Great Cakes 

Gasholders are prominent features 
of any gas-works. The container, 
which may be likened in shape to a 
huge nicely-risen cake, is a framework 
covered by iron plates | inch thick. 
At the bottom it is open, and dips 
into a water-tight tank rather larger 
than itself. 

The gas enters through a pipe rising 
in the centre of the tank and by its 
buoyancy raises 
the great weight of 
the container, 
which, when fully 
lifted, is still deep 
enough in the 
water to prevent 
the gas escaping 
under its bottom 
edge. The con- 
tainer is in some 
cases kept steady 
by wheds running 
on guides on cast- 
iron fcolumns 
surrouiiding the 
gasho|der and 
braced together ; 
but ifi others 
steadiness is given 
by spirkl rails on 
the outside of the 
container engaging 
with guides in the 



North Thames Gas Board. 

MEASURING THE HEAT UNITS 


Nowadays gas is sold mainly for heating purposes, ard its price 
depends on its eihciency as a fuel. Consumption is rt^^cordcd by 
meters, but the customer pays for the number of *' heat units 
in the gas consumed. At the works the heating value of the gas 
supplied is accurately measured by these instruments in the calorimeter 

room. 


271 


HOW WE GET OUR GAS 



North Thames Gat Board. 
A WATERLESS GASHOLDER 


This many>aided stoel structure is 180 feet high. It 
18 in oRect a gigantic cylinder, containing a closely- 
fitting piston which is forced upwards by gas entering 
at the bottom. 


tank. In the second instance 
the container revolves as it rises. 

Then, again, very large gas- 
holders are made in two, three, 
four, five and even six storeys 
or lifts, telescoping into one 
another. Only the uppermost 
one has a top to it. The 
sides of the others are like a 
very narrow N in section. Two 
of the legs form a narrow 
trough for the lift above, and 
the third leg dips into the 
trough of the lift below it. 

The centre lift rises first, and 
when it is fully up it begins 
to raise the next lift, and 
so on. 

The pressure put on the gas 
by the weight of the gasholder 
IS usually sufficient to dnve the 
gas through the mains supply- 
ing the district. 

Now that certain additions 
to the Fulham plant have 
been completed, it is able to 
make 35,000,000 or more cubic 
feet of gas daily, when working 
at full capacity. 

We must not overlook the 
coke, which is a very import- 
ant item in the output of a gas- 
works, smce from every ton of 
coal used between 14 and 15 hundred- 
weight of coke is produced. Of this, 
10 to II hundredweight is sold to the 
public for use in boilers, stoves, forges 
and open files. The rest is needed for 
heating the retorts, making water-gas, 
raising steam in boilers, and other 
purposes in the works. 

From Benzole and Tar 

As already mentioned in the chapter 
on “ What We Owe To Coal ” the 
list of products derived from coal 
carbonisation as carried out at our 
gas-works is seemingly endless, and 
the discoveries made in this direction 
in recent years are amazing. Continual 
research and experiment goes on and 
further advances are certain. 


Every ton of coal yields about 3 
gallons of benzole. This benzole is 
treated by the chemist and separated 
into its constituents : benzene, toluene, 
xylenes, etc. The separation is done 
by distillation which simply means 
boilmg and then cooling at different 
temperatures since each constituent is 
given off at a different boiling-point. 

On page 2X you will find a diagram 
which shows some of the different sub- 
stances which are obtained from coal 
while it is being carbonised to produce 
gas. From these substances in turn is 
produced a long list of valuable 
things we use in everyday life. 

While some of the tar, for instance, 
is used on our roads, some of it is 
distilled and different kinds of oil are 
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obtained. From these tar oils the 
chemists obtain the dyes which have 
built up another big industry in this 
country. Antiseptics and disinfectants 
as well as creosote are also produced. 

It is from these oils, too, that the 
group of drugs known as sulphona- 
mides are derived. Through experi- 
ments with these drugs M & B 693 
was evolved, and, as a result, many 
thousands of lives have been saved. 
Medical authorities calculated that in 
1942, one of the first years in which it 
was used on a reasonably large scale, 
the lives saved by the sulphonamides 
ran well into five figures/* 

Another fairly recent discovery due 
to experiments with benzole was D.D.T., 
the insecticide which has proved such a 
tremendous help in fighting malaria, 
bushfever, typhus and other insect- 
bonie diseases in tropical climates as 
well as in the struggle to conquer the 
insects which work havoc among our 
crops, D.D.T. is the most potent 
single insecticide ever discovered. 

Perfumes and Plastics 

It is extraordinary to reflect that 
benzole, the by-product of the gas- 
works, is to-day an essential of the 
perfume and cosmetic industry. Until 
about sixty years ago the perfume- 
maker depended entirely on substances 
of vegetable or animal origin for his 
raw materials. To-day he is supplied 
by the gas-works with all that he needs 
and can produce a far greater variety of 
exotic perfumes than ever before. 

Plastics, too, are largely indebted 
to-day for their great development to 
the usefulness of phenol, derived from 
coal tar, and styrene which is chemically 
produced from benzole. These styrene 
resins are proving particularly valu- 
able in the electrical industry. From 
phenol, * by other chemical means, 
nylon is produced and from this new 
material stockings and parachutes, 
toothbrushes and aeroplane tyres are 
now being manufactured. 

Modern aviation owes a great deal 


to benzole. The high octane fuels 
which are essential for the high speeds 
now attained are due to cumene, 
which is derived from phenol. During 
1940-45, millions of pounds* worth 
of benzole products were sent to 
America for use in the manufacture of 
high octane aviation fuel. Even in the 
01 dinary motor fuel benzole is used as a 
blending agent to increase the efficiency 
of the oil. 

Large amounts of sulphur are 
recovered during the process of puri- 
fying the gas, and sulphuric acid is an 
important law material of industry. 
At least 100,000 tons of sulphur are 
recovered by the gas-works each year, 
and 95,000 tons are used to make 
sulphuric acid. 

Fertilisers from Coal 

Ammonia, too, is one of the products 
obtained during the carbonisation of 
coal to make gas. Farmers and gar- 
deners know sulpliate of ammonia in 
these days as a highly impoitant ferti- 
liser. Its use on land newly ploilghed 
or dug for cultivation is especially 
useful in ensuring good crops. Some 
260,000 tons of sulphate of ammonia 
are produced annually by the gas 
industry and in normal times this 
would be just about sufficient for this 
country*s total requirements. 

Beginning of a Big Industry 

We have mentioned a few of the 
products of our age which come to us 
from coal by way of the gas-works. To 
go back for a moment to the story of 
William Murdock and the lamp he made 
to light him on his way, as told in 
earlier pages, it will be seen that the 
history of the gas industry cohies into 
the category of real-life romances. 
First, coal was burned to produce 
coke and the gas went off as th^ smoke 
still does from our open fires. Then 
Murdoch discovered the use of gas 
and may be regarded as the real 
inventor of gas-lighting. 

Instead of coke being the main pro* 



A CARBUREHED WATER-GAS PLANT 



.\ofth 1 h.itm's Gi<\ iJoanl 

Gas suitable for mingling w ith coal-gas is made in the apparat us seen in tins illiistral k > n. Waste 
gases from the furnaces of the relort house are used to raise steam in the boilei on the left. 'Hie 
steam, mixed with air, is blown through glow^nig coke, and water-gas is foinu-d. this is ennehed, 
that IS, given greater heating value, by having added to it, in one of the other chambers ealled a 
carburetter, the vapour of a heavy oil. A water-gas plant is veiy u.sofiil in a gas-works for 
enlarging output quickly to meet a siuldt'ii increase m demand. 
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duct of coal-burning it became a 
by-product and the gas itself took 
fimt place. A big industry was built 
and the very name of the Gas Light 
and Coke Company tells its own story. 
Then the gaslight was threaten^ 
with extinction by the advent of 
electric light. Gas held its own and 
even led the way for a brief time, but 
the new electric light eventually gained 
the victory so far as the battle of light- 
ing was concerned. By that time, 
however, other virtues had been dis- 
covered in coal and, instead of dying, 
the gas industry became the pioneer 
again in the treatment of coal. As a 
member of the Government put it 
not so long ago : 

“ The gas industry has passed 
through a very complicated history 
from the time when it produced only 
light to the present time when it 
produces fuel, benzole, tar, sulphuric 
acid, and so forth. Even if it is an 
<ld industry it is not very old as we 
judge things in these days, but I 
would prefer to regard it as a young 
industry in the sense that it is just 
entering on a new sphere of activity. 
Some of the possibilities that lie 
before it are only beginning to be 
seen.” 

Coal has been a great factor in 
Britain’s prosperity in the past, and 
to-day every branch of chemical indus- 
try looks to coal to supply it with many 
of its raw materials. Dyestuffs and 
chemicals, plastics, S5mthetic rubber, 
soaps, lubricants, all need the by-pro- 
ducts from the carbonisation of coal 
which produces the gas now becoming 
increasingly important to industry 
as a refined fuel capable of exact 
control. 

Gas ia Industry 

That is the field in which the gas 
engineers are concentrating their 
energies to-day : there are gas-burners 
capable of giving a small pin-point 
of flame for the jeweller’s or glass- 
maker’s art up to those producing 


large-volume flame or highly-concen- 
trated heat treatment for the steel 
industry. Gas-fired radiant heat in- 
stallations are being used for stoving 
and enamelling. The use of gas-fixed 
kilns and furnaces in such industries as 
pottery and glass manufacture, as 
weU as in the metal trades, is rapidly 
increasing. All this means an economy 
in the use of coal and more exact control 
of the heating or firing process, while 
the smoke nuisance will ultimately 
cease to exist. 

Our life as an industrial nation 
depends upon keeping iip supplies of 
energy and of raw materials for our 
great manufacturing processes. Owing 
to our climate we have to use big 
quantities of fuel to keep our homes 
and offices, our factories and public 
buildings, warm and comfortable. But 
because of the value of all the 
chemicals in coal, it is obvious we must 
ensure that its valuable properties are 
not wasted and coal as a fuel must 
be used in the most economical way 
possible. 

It will probably mean the gradual 
disappearance of our old open fires, 
in which coal is burnt wastefully 
without any of its valuable by- 
products being recovered. Gradually, 
too, gas-fired furnaces are replacing 
those in which coal is consumed. 
Only the gas from the coal will be 
used and other industries will benefit 
by receiving the raw materials which 
they require. 

At present the gas-works produce 
25,000,000 gallons of benzole each year 
and every gallon is of value in other 
industries. Nearly million tons 
of tar is produced yearly, apd tar has 
been described as the chemise’s treasure 
house. I 

As the diagram on thq previous 
page will show, the chemist can pro- 
duce from Coal Tar the essential raw 
materials for hundreds of different 
manufactured goods. Coal has become 
more valuable than gold, and it is 
through the gas-works and the research 
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SOME OF THE PRODUCTS OBTAINED FROM COAL-TAR 

During the process of gas making by coal-carbonisation at the gas >Aorks 10 gallons of Tar are produced from each ton of coal Our diagram sho\«'S 
some of the products in which the chemist makes use of the oils derived from this coal-tar 
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chemist that all the ticasures coal con- 
tains are now being revealed. 

Extending the Grid System 

Since the gas industry was nationa- 
lised, one of the biggest advances has 
been in the connecting up of supplies by 
means of a grid system. In the London 
area, and in certain other industrial 
districts, there was already a consider- 
able amount of interconnection, enab- 
ling supplies from any of a number of 
works to be sent through ttu‘ same 
mains. Now the whole of the area of 
the North I'haines Gas Board has been 
linked in this way from Southend to 
Maidenhead, and large schemes are being 
develojK'd in South Wales and Scotland, 
in the Lancashire-Choshire area, the 
East Midlands and West Yorkshire, 

As a result of thes(' grid systems it is 
possible to cease pn^duction at many 
of the small isolated gas woiks, which 
cannot bo operat(‘d as economically as 
» laiger works, and provide gas to aieas 



LAYING A MAIN 

To supjily to rR*arl\ twcl\f million i (msurnors 
the gas indiistij usts 78,1 jS mile^, ot mains, and 
new mams, as seen in this jiutme, are always 
being laid. 


previously without supplies. The grid 
isystem also ensures that exceptional 
local demands are met without throwing 
an undue load upon a single works. 

This grid system is the latest develop- 
ment in the history of the gas industry, 
which began when William Murdoch 
lighted up his house and offices in Red- 
ruth, Cornwall, with gas. Ten years 
later the first public exhibition was held 
at Boulton & Watts* works, and 
enquiries began to come in from busi- 
ness men. The first to use gns apparatus 
made by Muidoch was a Manchester 
cotton spinner, Mr. George Lee. It was 
such a success that in 1807 what was 
probably the largest factory of its kind 
in the country installiTl Murdoch’s gas- 
making ajiparatus. 

That was the Ixgiiming ; to-dav, 
this great industry is of mure impor- 
tance and can contiibutc inoie to the 
common good than at any time in its 
long histoiy, ('xtending liack over a 
century and a half 



Xorth fhamfK Boarii 

TESIING THE PRESSURE 


Thr (orrttt prossun‘ of gas, stf*adil> maintainocl 
at tht* samo level, is highly important. Heie 
we see a (»as l^t^ard ofJicjal testing the jjiressuie 
in a 24-inch mam. 


THE BUSINESS OF THE G,P,0 



BIIINGING THE MORNING LETTFRS 

Kvcr> work id ly niormn". for cvorv^ house iii t!ie land ,i postman is avriil ihle for the delivery 
of lott( rs 1 he mad he cirncs m iv hive come liom any corner of tin world .ind l« en tamed 
hy .iir be<i an 1 1 ind \f t it n .u lies its dcstin ition in the sliortest possible time In its inland 
busiritsb alone our (r PO de.ils with twenty millions of letters and riiculnis every' week rli\ 


I OOKINGj back through the cen- 
turies to the d<iys of Imperial 
J Rome we should find along the 
main loads that linked the capital with 
the provinces a series of posts, which 
might have been of wood, metal or 
stone. 

At each of these stations there 
was always on duty a team of messen- 
gers, one of whom would run with a 
letter in either direction from his post 
to the next, when another couiici took 
the missive and carried it on its way. 

If these men were called postmen, 
because during their hours of scivice 
they wcie to be found near a post, it 
would not be surprising, though theie 
is no proof that such was the case 
Much nearer to the times in which we 
live and in our own country, before the 
coming of railways, swift dependable 
horses were kept at certain posts or 
places along a highway so that people 
could change steeds and thus travel 
without having to make a break in 
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the jouiiu^y whilst their haid-ridden 
animals weie rested. Presently letters 
came to be dealt with at these posts and 
the ii.ime post office originated. If 
you journ(*yed from one point to 
anvjther as fast as you possibly could 
you were said to be ti a veiling post, or 
post haste Riders entrusted with the 
mails invariably tiavelled post and so 
we have discovered two explana- 
tions of how the word post came to be 
used 

So far as the transport of letters is 
coiiceined, the work in remote times 
was in the hands of private messengers, 
and then there were people who for 
brief periods possessed the exclusive 
right of handling mails, a system that 
was soon found to be unsatisfactory. 
Thus it became necessary for the 
Government to have the sole authority 
to carry mails, to be granted the 
monopoly to the exclusion of indi- 
viduals ; and so, in 1657, the General 
Post Office came into being under the 
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direction of a postmaster-general. At 
first, the Royal Mail was invariably 
carried by mounted post-boys and then 
arrived the four-horsed mail coaches, 
the first of them providing a service 
between Bristol and London, which 
began in 1784. 

After the Mail Coach Da^s 

This was the forerunner of a veritable 
network of mail coaches, sometimes 
driven at an average speed of ten miles 
an hour. Years later the steam loco- 
motive began to run on the so called 
iron roads and mail coaches had per- 
force to give pride of place to mail 
trains. 

The first experimental dispatch of 
mails by trains was made in 1830 be- 
tween Liverpool and Manchester. Rail- 
ways still carry the bulk of our letters 
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FIRST STAGE IN THE JOURNEY 

Having written a letter, you drop it into the 
nearest pillar Ixix and it starts its journey at 
the next clearance, as is depicted above. 


and parcels but motor transport is also 
largely used and the air services for 
overseas mails have grovm into a huge 
business. More recently, the helicopter 
air service has been used to carry mails 
between places awkwardly situated for 
rail or road transport. 

Since the early days the Post Office 
has gradually extended its scope of 
.services far beyond the carrying of 
mails. " Money letters ” began in a 
small way so long ago as 1792 and 
eventually the Money Order department 
was established in 1838. It was not 
until 1881 that the highly popular 
Postal Order was introduced and 
rapidly became a big success. Tele- 
grams were at first dealt with by private 
companies but about 1870 the Post 
Office took them over, just as eventually 
the telephone system was taken over, 
though it was not until 1912 that the 
Post Office became solely ic.sponsible. 

So this huge business has steadily 
expanded through the years. Until 1840 
the cost of sending a letter depended 
on the distance it had to travel. The 
, charge for a letter from London to 
Edinburgh for instance, was is. 3|<2., 
and the amount was collected on 
delivery. Then, after a struggle, Sii 
Rowland Hill introduced his great 
scheme for penny postage throughout 
the kingdom, and soon afterwards the 
adhesive stamp as we know it to-day 
was introduced. Letter-writing in- 
creased enormously and in these days 
the Post Office sells 7,000,000,000 (seven 
thousand millions) of postage stamps in 
the course of twelve months and deals 
in its inland business with 20,000,000 
letters and circulars and 650,000 parcels 
every working day, not counting the 
many other millions sentj to places 
abroad. I 

How Your Letter is Handled ^ 

To turn from such br^th-taking 
figures, let us imagine you have wntten 
a letter, placed it in its addressed 
envelope, affixed a stamp and dropped 
it into a convenient pillar box. If you 


WHERE NIMBLE FINGERS SORT THE MAIL 



The photograph above was taken in a Travelling Post Office van of one of the special trains 
from Loudon. It shows tho staff sorting letters and packages into their proper pigeon-holes. 
Bags of mail are taken aboard or dropped to the lineside by apparatus whilst tho express 

travels at full speed. 



Photos . G. P.o. 


That letter you dropped into a pillar box has here reached the nearest sorting office. With 
other letters, it has been put up in a group, the addresses all facing the same way. The postage 
stamps have then been cancelled by a wonderful machine, and here wc sec deft workers 
sorting into frames each of which has 48 spaces. 
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have no stamp it is more than likely 
you can purchase one from an auto- 
matic machine attached to the familiar 
red box. You notice as you leave a 
printed time-table showing the daily 
clearances whilst a little tablet in a slot 
informs you of the number of the next 
collection. 

Presently, the postman who is re- 
sponsible for the particular route comes 
along, possibly on fcx)t, perhaps on a 
bicycle or maybe in a small motor van. 
With a special key he opens the box and 
sweeps your letter with all the others 
there may be into his bag, proceeding 
on his journey from box to box until 
eventually he reaches what is called a 
sorting office, usually in a busy rentie 
and within easy reach of the lailway 
station 

What happens to your lettei now ? 
First of all, the collecting bags as 
brought in by postmen aie emptied in 
hv'aps on long tables so that they can 
be faced,” which means simply that 



Post Office 

A POSTMAN OF THE FENS 


Not all pobimen can blick lo the highway 
T>ie one seen above works in the FtnUnds 
and has the help of a l>oat as well as a bicycle 
for his round of duly. 


lAL KNOWLEDGE 

they are put up into neat, orderly 
groups with the addresses facing the 
same way. 

Ihis step is taken so that all the 
envelopes and cards of normal size can 
be passed through machines which 
cancel the stamps with indelible post- 
marks. Some of these machines are 
capable of dealing with 600 or more 
items a minute. Envelopes, the 
stamps for which are placed too low 
down, too far to the left 01 on the back 
cannot be dealt with by the machine 
and have to be set aside in order that 
then stamps may be cancelled by 
liand So, if you do not take the 
tioubU* to put the stamp in its pioper 
position you have only youiself to 
blame should your letter be delayed 

Once all the postage stamps have 
been cancelled the lettei s or packets 
must now bo soited accouling to then 
dr‘Stinations. For this puipose, each 
of the sorters stationed at a long bench 
lias in front of him a fitting which 
contains 48 pigeon-holes iiitQ which 
he sorts the correspondence. Wlien 
4 pigeon-hole has been hlled he takes 
out the contents, tics them into a 
bundle and drops it into the appio- 
priate bag. You will say, of course, 
that letters have to go to fai* more than 
48 places and that is tiuc enough, but 
what is called primary soiting divides 
correspondence into sections for large 
cities and towns, and counties or groups 
of counties which have to be sorted 
again. Thus, you ought never to 
omit the county whenever you address 
an envelope, unless your letter is going 
to one of the largest cities. Further, 
London, Edinburgh and most of our 
biggest places are now divided into 
numbered postal districts afid such a 
number ought always to ?be given 
because it helps the sorting staff and 
prevents delay. 

The Distributing Office 

In due time, when the mail as col- 
lected has been transferred from the 
boxes in the sorting ” fitting ” to appro- 
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ALL PART OF HIS DAILY ROUND 


Poil Uffitf 


In order to deliver letters to out-of-the-way places, the Post Oflice have vanous tnethotls of 
transpoit, some of which are not lacking in novelty In the picture above the j>ostman is 
soon just after crossing the River Findhorn at Nairn in Scotland "1 he one-man power trans- 
porter bridge has just come to rc*st on its platform after the crossing 


priate bags, it is dispatched by road 
and rail, and it may be said that the 
majority of the bags find their way as 
quickly as possible to what is known as 
a distributing office, of which there is 
at least one in every large district. 
Here there is more detailed sorting and 
bags are made up for all the places 
in the district, whether they arc large 
or small. 

Finally, there is the postman who 
delivers your letter in the area which 
he serves, the route most carefully 
arranged to save delay and known as 
the official's walk." He takes his 
letters from the sorting boxes and 
arranges them according to the streets 
he has to traverse, tying them in con- 
venient bundles for the purpose. Many 
postmen leave distributing offices by 
six in the morning and it is by no 
means uncommon for the first delivery 
of the day to be in full swing by seven 
o'clock. 


When one considers that many of 
these letters were posted only the 
previous evening, perhaps hundreds of 
miles away, how is the miiacle of such 
swift and efficient transport to be 
explained ? It may well be, in the near 
future, that aeroplanes will .shoulder 
some of the burden of the inland night 
mail, but at present most of the coiie- 
spondence is carried by passenger train 
In the case of at least forty-three rail- 
way expresses, special postal carriages 
aie attached and the soiting of letters 
m these cariiages goes on all through 
the journey. These postal carriages ai e 
called T P.O.'s (Travelling Post Offices). 

WTiat may be teiTned the main 
arteries of the night mail system arc 
two trains which lun between London 
and Aberdeen. These twin services 
arc wonderfully organised entirely for 
postal purposes, except that passenger 
coaches are attached between Perth 
and Aberdeen in both directions 
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Post Office 

THE L1NE<S1DE APPARATUS 


‘ rom special postal trains and from many 
expresses mails are dropped and picked up 
at great speed with the help of this ingenious 
apparatus at the side of the line. 

The train long known as the Down 
Special T.P.O, leaves the L.M.S. 
London terminus of Euston every 
evening throughout the year, with the 
exception of Christmas Day and Boxing 
Day. It is always drawn by one of the 
heaviest and most powerful engines 
and consists of at least six postal 
coaches and as many again of ordinary 
brake vans — a dozen long vehicles in 
all. The guard is the only railway 
official who travels on the train, every- 
one else being a Post Office worker. 
Thus, the crew comprises a supervisor, 
who is in charge of the whole staff of 
over forty sorters and two postmen to 
work the mail changing apparatus. 

Actually, this apparatus is perhaps 
the most striking feature of the tram. 
Outside the six letter vans, flat against 
the panelled sides, are two powerful 
electric binnacle lamps which serve to 
illuminate white boards set up as 
lineside markers. At speed and when 


rounding a curve the lights give a 
snakelike appearance to the train. 
There are oidy a few stops on the long 
journey but at nearly a hundred points 
bags of mail are discharged from the 
train and others picked up. 

If you can imagine the Down Special 
approaching one of these points, a 
postman will be standing at the open 
door of a coach with only an iron bar 
between him and the trackside, which 
is being left behind at the rate of a mile 
a minute or more Like all the 
travelling staff, he knows every inch 
of the line whether the night be clear 
or foggy. 

Presently, he detects a white board 
close beside the line and this serves as 
his signal. Immediately he fixes his 
pouches on to the dispatching arms 
of the apparatus ; and, a moment 
later, pushes down a lever to open 
his receiving net A bell then rings 
to warn the staff to keep clear of 
the door 



Fox PKulos 

AWAITING THE MOMENT 


Here we see the men standing by with the 
mail-bags ad ready to be ejected from the 
tram and received by the net on the ground 
at the side of the railway. 
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SAFELY COLLECTED 


The receiving net has caught the bag 
suspended from the rail-side apparatus and 
the photographer has snapp^ it at the 
moment when the mail-bag is falling safely 
inside. 

Dispatching and Receiving Mails 

It should now be explained that at 
the side of the railway is an apparatus 
corresponding with that on the train. 
Rising from the ground is a tall stan- 
dard, with its top arched over like a 
gallows, from which a pouch containing 
bags of mail is suspended. 

As the train sweeps by this pouch is 
caught in a capacious net so shaped 
that the load it catches is thrown 
through the open door of the passing 
coach, where it falls thuddingly upon 
an immensely thick mat. On the train 
is a dispatching arm much like the 
gallows ; and, on the ground, a net is 
set to catch the pouch. In this way, 
by spacing out gallows and net at 
appropriate distances at the line-side 
the exchange of pouches is made 
automatically, the dispatching arms 
swinging back into the resting position 
whilst the net is brought flat against 
the train merely by the movement of a 


lever. And, on the railways of this 
country, there are no fewer than 97 
of these apparatus points. 

In this magic handling of mails, 
there may be two, three, four or more 
of the familiar canvas bags. How 
many there are does not matter so 
long as the total weight does not 
exceed 60 lbs. for dispatches from 
T.P.O.’s or 50 lbs. for dispatches to 
T.P.O.’s. Each mail bag is secured 
with a leaden seal and the whole 
consignment then placed in a pouch 
of enormously thick hide, kept pliant 
and waterproof by frequent oiling 
The pouch itself weighs 20 lbs. and 
one is not surprised' at the rever- 
berating thud with which it is thrown 
into a carriage on a train travelling 
perhaps at seventy miles an hour. 

To begin with, the Down Special 
T P O. IS well loaded with mails which 
reach it from most of the postal dis- 
patching offices and railway termini 
in London. Loading begins an hour 




For Photos 

GOOD-BYE TO THE T.P.O. 

The Special T P.O has reached one of the 
big stations and the mail-bags, sorted and 
made up for dilfeient districts in this area, 
arc being collected fiom the roaches 
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before the train’s departure, the bags 
to be sorted first being placed in the 
most convenient parts, with those for 
later sorting behind them. Bags of 
mail already sorted for particular 
destinations go mostly into the brake 
vans and there is on the train a posting 
box in which you can drop your own 
letter for a \d. Late Fee. 

Inside the long train as it thunders 
through the night the postmen are kept 
busy all the while, preparing for dis- 
patch mail bags that arc ready and 
taking to the sorters bags that have 
been picked up on the journey. As for 
the sorters, they are constantly at 
work for some thousand bags must be 
handled between the Metropolis and the 
far north. Except for the windows in 
the carriage doors there are no others 
on this train for the walls of the 
coaches on one side have sorting 
frames each made up of 54 pigeon- 
holes, the upper ones having glass 
boitoms so that no precious letter 
may be left behind because it has not 
been seen. 

There are no names of places on 
these pigeon-holes but merely numbers, 
and each sorter knows his own plan so 
thoroughly that the numbers are suffi- 
cient. On the other side of the 
carriage are many hooks from each of 
which is suspended a labelled bag. 
Thus, as bundles are sorted, they are 
dropped into their proper bags. 

The Registered Mail 

In one section of each coach, under 
a senior officer, the registered mail 
receives attention. In other sections, 
long large envelopes, packets, news- 
papers and aitything unsuitable for 
the pigeon-holes are sorted from zinc- 
lined troughs not unlike kitchen sinks 
into special sorting frames with larger 
apertures than those provided for 
ordinary letters. There is no sorting 
of parcels on this train, but at least 
one of the brake vans is devoted to 
the needs of the Parcel Post. It is 
hard woik sorting on a T.PO., but 


the staff responds loyally to whatever 
pressure is imposed upon it. 

Crewe is the hub of our inland postal 
wheel. The Up and Down Specials 
between London and Scotland both 
stop there, though for only a few 
minutes. Between ii p.m. and 2 a.m. 
no fewer than nine T.P.O.’s attached 
to passenger expresses stop at this 
vast junction. Here mail services from 
Ireland, East Anglia, the west and 
north of England and of course Wales 
dov’^etail into one another, together 
with postal traffic from London and 
the south. No wonder there is a 
depot at Crewe, where spare parts of 
every kind for the instant repair of 
mail-changing apparatus are kept to 
meet any emergency. Two othei special 
P.O. trains are those which lun nightly 
in each direction between Paddington 
and Penzance. 

A F.O. Underground Railway 

So far as London goes, the chief 
suiting office of the Inland Section is at 
Mount Pleasant and some twenty 
millions of letters pass throiigli this 
ofie centre every week. Here one finds 
mechanical conveyors of every kind to 
take con cspoiidence from the stamp- 
cancelling machines to the vat ions 
sorting and bagging positions, and it is 
interesting to know that the G.P.O. has 
in London its own underground rail- 
way, which naturally relieves the busy 
.streets of still further congestion. 

The line itself is upwards of six 
miles in lengtli and connects Mount 
Pleasant and other sorting offices with 
several of the railway termini. Forty 
driverlcss electric trains run every 
hour in peak periods, some; 80 feet 
beneath the capital’s highways, and 
they normally carry 35,000 . bags of 
mail a day. Further, the Pdst Office 
owns at least 21,500 motor vehicles, 
nearly g,ooo being used for the trans- 
port of mail alone, besides those hired 
from contractors and leaving out of 
account horse-drawn vehicles. 

The efficient carrying of the Royal 
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COMPARING RUGBY RADIO MAST 



Post Officf. 


In this drawing the heights of some of the well-known high buildings and other t^Tections in 
different parts of the world arc compared with one of the Rugby Radio Masts. They are : 
I, Empire State Building, New York, 1,248 feet, 2, Chrysler Building, New York, 1,100 feet. 
3. Eiffel Tower, Paris, 985 feet. .4, Rugby Mast, 820 feet. 5, W(X)lwortli Building, New York, 
792 feet. 6, Cologne Cathedral, 515 feet. 7, Great Pyramid of Cheops, 430 feet. 8, St. Peter'.s, 
Rome, 448 feet. 9, Salisbury Cathedral, 404 feet. 10, Si, Pauls Cathedral, 3O5 feet. 

II, Forth Bridge, 361 feet. 
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In order to hasten its work the Post Office possesses its own tul)e railway far below the streets ol 
Ixnidon. The line runs l>etween Whitechapel and Paddington, connects most of the important 
postal dep<irtments and deals with 35,000 bags of mail a day. The dnverless trains are 
controlled by an oificial, as illustrated above, who operates a switchboard at Mount Pleasant. 
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' PostOffut. 

Our picture affords you a glimpse of one of the underground stations on the P.O. railway and 
shows loading in progress. The trains run on narrow-gauge rails and attain a speed of 35 
miles an hour. We should remember what a vast number of postal vans and lorries this tube 
railway keeps off the congested streets of Central Ixmdon. 
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Mail is, as wc know, but one part of the 
work of the Ci.P.O. Did you lealise, 
for instance that the British Post 
Office provides facilities for telephoning 
by submarine cable to most of the 
countries on the Continent of Europe 
and by radiotelephone to the United 
States of America, South Africa, 
Canada, Australia, India and many 
other parts of the world, as well as 
to certain sliips at sea ? 

The P.O. radio transmitting station 
at Rugby i^ one of the most p<»werful 
in the world, the station itself covering 
a site of 900 acies. The aerial is three- 
quarteis of a mile in length, suppoited 
on four insulated steel masts each 
820 feet in height. One must not 
forget, either, how tlie G.P.O main- 
tains a marvellous radio-telegraph ser- 
vice, having no fewer than twelve 
wireless stations round our coasts. 
This service is of the utmost impor- 
tance to ships at sea. 

Tlie (j P.O, is aKo re^-ponsible for 


well over three hundred submarine 
cables, over forty of them connecting 
Great Britain with the continent of 
Europe. Such cables connect Northern 
Ireland with Scotland and Scotland with 
many of its outlying islands ; they also 
link up the Isle of Man, the Channel 
Islands and Eire with Great Britain. 

Something like 345,000 men and 
women are employccl by the G P.O. 
and in this country there are about 
25,000 Post Offices. 

You go to a Post Office to buy a 
licence for your dog, gun, wireless or 
even for your car ; to obtain a money 
or postal order ; to transact business 
through your Savings Bank account or 
purchase National Savings stamps or 
certificates, to collect your pensions and 
allowances, or to buy Insurance 
stamps — and all this in addition to 
ordinal y postal, telegraph and tele- 
phone business. Truly, the General 
Post Office is one of the most marvel- 
lous of all our public institutions. 



AT RUGBY RADIO STATION 


/’<)?/ Office 


I liL l'o>t Olfitf" rcul'o transmitting station at Kiigby is one (f the most powoiful in the woild 
ami proMdes radio ( ommunicatioii with almost every part of the globe Hie station itself 
Oitiipies a site ot (joo acres, and oui photograxih shows the main building with two of the lour 
great steel masts, each 0/ which is 8^0 feet 111 height. 


HOW ELECTRICITY IS SUPPLIED 

f.'’, -A 



Fox Photos 

A MAZE OF CONDUCTORS 

A view at one of the mam power stations feeding the vast netwoik of electric mams, called 
the “grid," which now covers a great part of the country. The steel lattice-work supports 
horizontal insulators, of great length, to which are anchored conductors designed to carry 
current at the enormous tension of 132.000 volts. Tlie whole of the electricity supply industry 
in Great Britain is now controlled by the British Electricity Authority. 


E arlier in tins volume we have 
read how long years ago scientists 
experimented with electricity and 
discovered the peculiar properties of 
the magnet. At that stage of course 
they had no practical value but when 
men such as Michael Faraday carried 
their experiments a few stages further 
it was realised that there were still 
greater possibilities of a practical nature 
in these discoveries. 

Two men, Joseph Wilson Swan in 
England and Thomas Alva Edison m 
America, share the credit for producing 
the first electric lamps suitable for use 
in homes and offices. There had been 
other lamps before this, however, and 
the Holmes arc lamp, driven by the 
Holmes machine, blazed out a beam with 
1,000 candle-power from the ' South 
Foreland Lighthouse in 1858. It was 
not till 1878 and 1879 that Swan and 
Edison patented their new electric 
lamps. 

There might have been trouble in the 
law courts between these two inventors 
but they settled their differences hap- 


pily and the Edison and Swan lamps, 
known later as Ediswan lamps, opened 
up a new era for indoor lighting. In other 
directions, too, progress was made in the 
use of electric power ; macliinery could 
be diiven by electricity, and the steam 
engine and the gas engine had a serious 
rival. By the beginning of the present 
century the new source of power and 
illumination had begun to be fairly well 
used and it might be said that the Elec- 
tric Age had dawned. 

An Ever-Increasing Demand 

Some idea of the growth of the public 
electricity supply in Great Britain can 
be gathered from thei»fact that in 1921 
the total imits siifiplied by public 
supply stations to consumers of electric 
current amounted to just over 3,000 
million imits. In 1950 nearly 
45,000 million units were supplied , 
the demand for electric current had 
increased some fifteen times in the 
last thirty years. It is all within 
this period that wireless sets, vacuum 
cleaners, cookers, washing-machines. 
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water-heateis and a host of other tnbutcd fairly and more economically 
electnc appliances had become articles Big new power stations were planned 
of everyday use m thousands of British and schemes for the development of 
homes Then, too, electric power was electnc pow^r from water were mapped 
being used increasingly m steel-making out How these hydro-electric schemes 
and in many other industries have come into operation is dealt with 

It was all so easy , one just plugged more fully in the section “ Llectnc 
in or touched the switch and the magic Power from Water in Volume V 
power did the rest But this rapid Some si\ty-hve years after the supply 
development in the use of electnc of electricity to the public was first 
current created problems which the mentioned in an Act of Parliament, the 
government had to tackle In 1926 Llectncity Act of 1947 piovuled for full 
an Act of Parliament was passed to public ownership and opeiation of what 
create a Central Electricity Board, and had become a gieat and expanding 
a National Gnd system came into being mdustry This Act came into force in 
around 1930. The object of this was 1948 
to increase the amount of electric 

current available over the whole ^ Power Station 


country and to enable it to be dis- The history of the current which 



Bfituh EleUrtcity Authority 


INSIDE THE TURBINE HOUSE AT BATTERSEA 

The production of olectncity on a largo scale is based on a simple discovery made more than a 
century ago by Michael taraday This discovery led eventually to the building of oui modern 
power stations in which turbines driven by stoam produced by coal-burning drive large electric 
generators In this photograph is seen the view inside the turbine house of A station at 

Battersea 


CONDENSING PLANT AT BATTERSEA 



Brittsh Elettriittv Aulhorttv, 


The pressure of the si earn on the rotating' blades of the turbines drives the wheels round at a high 
speed, usually cither 1,500 01 3,000 revolutions per minute. By the tune the steam has finished its 
t^k in the turbine its pressure and temperature have fallen arid it is exhausted into the condenser, 
situated under the turbine, where it passes over numerous small tubes through which cold water 
is driven. The steam is thus condensed into water aiul pumped hack into the boilers. 

If j 
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lights a lamp when you move a switch 
begins in a power station. In this 
country most electrical power is gene- 
rated by steam obtained by burning 
coal in boiler furnaces. Water power is, 
however, being developed, especially in 
the North of Scotland, where water 
turbines drive electric generators and 
so enable more electric power to be 
fed into the Grid without using up more 
of our available coal. 

A power station, as we know it here, 
is a great building, often found on the 
outskirts of a town, which gives out 
a loud humming noise, as of gigantic 
spinning-tops, from year's end to year’s 
end. Close to it you may see great 
structures, somewhat like huge, squat 
chinmeys. 

These are cooling towers, used to chill 
water which has been heated by being 
circulated through condensers to change 
steam from the turbines back into 
water. If we could look inside a tower, 
we should see films of water trickling 


downwards over hundreds of thousands 
of wooden slats, and meeting a current 
of cold air rising through the tower. 
Many millions of gallons of water have 
to be used and cooled each day. 

Some of these cooling towers are now 
fitted with eliminators which remove 95 
per cent, of the vapour from the steam. 
In certain districts the clouds of steam 
from the cooling towers produced an 
artificial drizzle which could sometimes 
become a nuisance to people living in 
the near neighbourhood. The problem 
was studied by experts and new 
methods have been adopted which has 
already eliminated the trouble to a 
considerable extent. 

The Boiler Room 

Steam is raised by a battery of water- 
tube boilers. A boiler of this kind is 
made up largely of tubes, inside which 
is the water, and among which the 
furnace gases pass In some stations 
one of these boilers may be as big as a 



Morgafi-Wrih. 

LIGHT AND POWER IN THE WORKROOM 


VVlien 1 iiomas Hood wrote his Song of the Shirt lie painted a grim picture of a gannrnt-inaker 
stitching with needle and thread by candlelight. In contrast to that non-eleotnc age the photo- 
graph above shows a workroom where garments are made to-day with electncally-dnven sewing 
machines and in the pleasant glare-free brigliiness of modern fluorescent lighting 



Mdfopolitan Vxcken hleciru Co , ltd 

UNDERGOING A CHANGE 

The high-tension alternating current generated in a power station must be changed into 
{ ontinuous current of much lower voltage to be suitable for use on our electric railways and 
tramways This picture shoves us three machines, called converters, used to bring about the 
change They are, in effect, a combination of motoi and generator. Alternating current makes 
them spin round, and their spinning produces continuous current. 


good-sized house, and able to convert 
200 or more tons of water into high- 
pressure steam every hour. 

To give you some idea of what this 
means, let us explain that 200 tons of 
water would fill a trough a yard wide, 
a yard deep, and about 270 yards long. 
The coal for feeding the boilers is stored 
in great overhead bunkers, from which 
it passes down through shoots to 
mechanical stokers. These feed it into 
the furnaces at a steady rate. In some 
stations the coal is ground up into a 
very fine powder and blown into the 
furnaces in much the same way as oil 
fuel. 

Among the Turbines 

From the boiler-house we go into 
a huge chamber well lit through the 


roof. Ranged in orderly lines on its 
spacious floor are a number of steam 
turbines, each having its shaft con- 
nected to that of an electric generator. 
The turbines are entirely closed in. 
and the generator spins so fast that any 
visible moving parts are merely blurs. 

There is very little to see here, as com- 
pared with the busy working of rods 
and cranks in the engine-room of a big 
steamer. But these quiet-looking and 
quiet-workmg turbines, on which one 
might stand a penny edgeways without 
it flailing over, are doing great service. 
For every turbine-cum-generator unit 
may be converting anything up to 
60,000 steam horse-power into electrical 
energy. One or more units may be 
standing idle, ready for starting up 
when the demand for current exceeds 
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a certain limit, or to give one of the 
others a rest for overhaul or repairs 
Some distance from the turbine-room 
IS the control-room, or switchboard 
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room, containing panels which carry 
switch levers for controlling and direct- 
ing the current, and instruments show- 
ing how much current is coming from 
each generator, what its pressure is, and 
so on The switches themselves are, 
for safety's sake, housed in a separate 
building, and are operated from tlie 
panels by “ distant control " 

Through the Transformer 

The current geneiattd iii the station 
IS alternating , that is, keeps changing 
its direction through tlie circuit many 
times a second 

Alternating ciinent is used because, 
by means of a simple pu‘ce of appaiatus, 
named a transformer, it can have its 
pressure increased and its volume les- 
sened, or its pressure lowered while its 
volume IS made greater One may com- 
pare the process with changing coppt r 
coins into silvci coins in tlie one case, 
and changing silver coins into coppe r 
coins in the other The value remains 
unaltered in both instinces 

So far as electrical power is con- 
cerned, it makes no difference whether 
one uses a lot of low-pressure current 
or a smaller amount of high-pressme 
current But high-pressure current is 
transmitted with less loss than low- 
pressure current through long con- 
ductors, while low-pressure current is 
much safer to use So the transformer 
plays a very important part in the dis- 
tribution of electricity 

We will assume that current is 
generated at the power station at 
6,000 volts, a volt being the unit of 
electrical pressure, corresjxinding to 
the pound per square inch of steam 
m a boiler 

Distributing Current 

If we follow one of tlie conductors 
running from a power station it may 
lead us to a converting station in a 
" tube ' or othei electric railway Here 
a motoi and dynamo in one a con- 
verter, it IS called — changes the 
high-pressure alternating current into 



ELECTRICAL FIREWORKS 



Fox Photos. 


Anotlu'i fino display of eloctiical energy breaking loose fiom its shackles. It is both streaming 
to earth in a cascade of fiery lines and leaping horizontally. You will note how closely some of 
the lines resemble lightning flashes, which are in fact the same phenomenon on a much larger 
scale, occurring between cloud and earth, or cloud and cloud. 
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METAL CHANNELS FOR ELECTRIC CURRENT 



TWs is an end of an electric power cable, stepped " to show construction. The central many* 
wire conductor is insulated by a wrapping of paper strip. Outside this is a sheath of lead to 
keep out damp : and then in succession come a layer of jute serving two layers of armouring 

wire, and a wrapping of jute. 



This cable has three conductors. Two, semicircular in section, are at the centre. Each has its 
own paper insulation, and the pair is further insulated by a wrapping enclosing both. Outside 
this wrapping are the wires of a third conductor, covered by paper, load, jute, armouring, and 

more jute. 












Photos: General Electric Co., Ltd. 

In this three-conductor cable, designed to carry current at i i,ooo volts tension, all the conductors 
arc at the centre, insulated from each other and from the Icsid sheathing. The making of cables 
for the distribution of electrical power is now a very important industry. 
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HUGE ELECTRICAL SWITCHES 



General hleciru Co ltd 

These Jire three great steel tanks containing oil in which are submerged switches for breaking 
circuits carrying curient at 132,000 volts Ihc piessure and cooling effect of the oil prevent an 
electric arc forming between the parts of a switch as they are separated and destroying them 
The gear for moving the switches is operated from the control board by means which prevent 
the high tension current reaching the operator 
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continuous current at, say. 600 volts 
pressure, for working trains or trams. 

Some of the power station's output, 
again, may be wanted by a distant 
town. In this case the current goes 
from the generators to a transformer, 
and has its pressure increased to 11,000, 
22,000, 33,000. 66,000, or even 132,000 
volts before entering the conductors. 
On reaching the town it is stepped 
down " say, to 3,000 volts at a trans- 
forming station, for distribution through 
the town. 

The 3, 000- volt high-pressure con- 
ductors or mains run from the trans- 
forming station about the town, and 
are connected liere and tliere with 
transfoi mers housed in st ructures, called 
kiosks, usually placed in open spaces at 
road junctions. A kiosk is 8 feet to 
9 feet high, a yard or so in diameter. 


and entirely enclosed with iron plates. 
It is often used as a lamp-standard. In 
it the current is stepped down to, say, 
415 volts, and passed on to low-pressure 
distributing mains running down neigh- 
bouring streets. In many places they 
pass through disconnecting boxes, 
which sometimes are contained in 
square iron casings, a yard or so high, 
standing on the pavement near the 
kerb. These disconnecting boxes make 
it easy to cut any part of the mains 
out of the circuit when work has to be 
done upon it 

I'he cables arc lead -covered and ar- 
moured with steel tape, and are buried 
in the ground under th(' pavements. A 
cable contains three large conductors, 
with red, blue and wliite wrappings 
respectively, and a black-covered smallei 
conductor. There may be, and often 
is, a fifth conductor for 
special use as a switch 
wne for stieet lamps 
When a house is to 
be connected up with 
the electric supply 
system, the low- 
pressure cable closest to 
it is opened, and a small 
twin -conductor cable 
running to the liouse 
has one conductor 
joined to “ black " in 
the main, and the other 
joined to '' red " or 
" blue " or " white." 
This gives a pressure 
of, say, 240 volts. 

" Black’s " j>artncr i.s 
not chosen at random 
A careful reconl is kept 
of all connections in a 
street, so that the total 
demand may be dis- 
tributed as evenly as 
possible among the 
three " colours." 

Somewhere in the 
street there may be a 
factory needing a large 
amount of power to 



Oeneral Hetirtc Co,, Ltd. 

PUTTING AN ELECTRIC CABLE TO BED 

Most pouer i,ibl('s arc simply buried in the earth, like water 
or ^jas mams I his fuctnie shows us one licing drawn by a large 
g<ing ol workmen into a trench the sides of which hav'e been 
well '^hort d with timber to prevent them falling in 
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(Irivo eloctnc motors. In this cavSc 
connection is made with *'ied" and 
"blue/' "led" and "white/' or 
"blue" and "white," " Iilack " not 
being used IVtwecn any of these two 
the pressuie is 415 volts 

Electricity in the House 

Now let us follow the branch cable 
to the house. After entering the house 
the conductors arc joined to soft metal 
fuses which are designed to melt and 
break the ciicuit if the current should 
for any reason become dangerously 
great. Beyond these fuses — wdiich the 
consumer cannot reach- -is a meter for 
measuring the current ; and beyond 
that a mam switch which enables the 
supply to the house to be cut off. 

Then comes a fuse or pair of fuses, 
which the householder can inspect and 
replace when necessary Two wires 
connect these with what is called a dis- 
tribution boaid, from wdiich circuits 


branch out to various parts of the 
house Each circuit is protected by Us 
own fuse or pair of fuses, mounted on a 
boaid. From the two wires of a ciicuit 
two branch wires are thiown out to 
each lamp and its control switch 

We have now traced the distribution 
of electricity from the power station 
wherein current is genernted to the 
points at which it is used. 

Linking Up the Country 

In the past the use of electrical power 
in Britain has been handicapped by the 
fact that power was supplied by a large 
number of quite independent com- 
panies, generating it at ditterent pres- 
sures and at varying numbers of alter- 
nations per second. The result was 
that lamps, motors^ and otiier electrical 
apparatus suitable for one district might 
be useless m another. 

Imagine how difficult railway trans- 
port would be if each county had its 
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A THAMES^IDE POWER STATION 

One of the great new power stations which have been built in recent years is seen hen It is at 
Kingston-on-Thames, Surrey, and the first section was ojiened by King ( reorge \ I in Otlobi r, 

Its rapasit) is 123,000 kilowatts, and, despite its strictly utilitarian purposes, it has not been 
allowed to beeome a merc.blot on the landscape 


own railway gauge, so that rolling 
stock in say, Sussex, could not be used 
in Surrey or Essex, and it were impos- 
sible to move locomotives from one 
part of the country to another. 

After the War of 1914-18 the question 
of bringing about a better state of 
things was taken in hand. Acts of 
Parliament were passed whereby all the 
500 and more companies supplying 
power came under one great national 
scheme. A very large number of the 
old and less efficient stations were done 
away with, while some of the best 
were retained and their machinery 
standardised to produce current at fifty 
cycles per second. Large new stations 
were built in various parts of the country 
and the supply of electric current 
steadily increased. 

The demand also increased and after 
the Second World War of 1939-45 the 


supply was often below tlie huge 
amount of current required by industry 
and in the home. There are times, 
indeed, when tlie current in different 
areas has to be cut off altogether. 
Whenever possible warning is given of 
the times when it may be necessary 
to cut off the supply for a short period. 

In order to carry the process of co- 
ordinating the supply of electricity to the 
whole country the Government decided 
to bring all the different undertakings 
under public ownership and .from April 
1st, 1948, the British Electridity Author- 
ity became responsible for tile supply of 
electric current to the whde country. 
This national body with its headquarters 
in London is assisted by 14 Alea Boards. 
There is a separate independent North 
of Scotland Board. 

The big plans which were begun 
before the World War had to be sus- 



AT CLIFF QUAY. IPSWICH 



Another of our modern power stations in which the architect has nobly played his part is this 
station at ('lift Quay, Ipswich. Despite the great increase in the use of electricity the amount of coal 
used to produce the current is now only about one-quarter per unit compared with what it required 
40 years ago and further improvement in efficient production is l>eing steadily achieved. 



Photos: Britu^h KUctriciiv AuthorUv. 


Here w^e are in the control room of the Power Station at Cliff Quay. Ipswich. It is in this room that 
action IS taken at the station on load-shedding when instructions are received from the Regional 
Grid Control Centre. The enormous increase in the use of electric current in recent years has 
imposed tremendous problems on those responsible for our supply of electricity. 
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MAN-HIGH INSULATORS 



Fox Photos. 


The huge insulators seen in this picture arc needed to prevent the escape of high tension current 
to earth Every such insulator has several “ petticoat " store>i., each shaped to throw off water 
and keep dry on tlie undei side. If the whole surface of an insulator were wetted, there would 
be serious leakage in lainy wtatliei The insulators are made of .i sp<*( i.'il porcelain, glazed on 

tlie outsnh* 
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FROM THE METER TO THE LAMP 



Spat tally draum for tkts wo* k 

The current we use is hrst led through a meter which records on dials in kilowatt hours 
the electricity consumed Next comes a main switch (opeiatcd by the le\<.r on the right) to 
breaking both sides of the circuit and after this a pair of main fuses Vt the fusebox the 
main circuit branches into as many sub-ctrcuits, each guardeil by its owm pair of fuses, as 
may be needed 1 \ery lamp on a sub ciicuit is controlled by a tunibhr switch 
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pended to a large extent while hostilities 
were in progress, but work was resumed 
as soon as possible when peace came. 
The most interesting feature of this 
great scheme for linking up the power 
stations in one area with those in 
another is, from an engineering point 
of view, the main network of conduc- 
tors named the " grid." This is made up 
of about 4,000 miles of " trunk ” lines, 
corresponding to the arteries of the 
human body. A line has three con- 
ductors, each about } inch thick, and 
made up of thirty bare aluminium wires 
twisted round a core of seven steel 
wires which give it the necessary 
strength. The conductors are carried 
on lattice steel towers, usually 70 feet 


to 80 feet high, and set 900 feet apart, 
but larger ones are also used. 

In some places, of course, the spans 
have to be much longer. At the cross- 
ing of the Forth, for example, a jump of 
over 3,000 feet is needed, and the con- 
ductors are supported by towers 358 
feet high, to give plenty of room for 
ships to pass under them. 

The electrical pressure in the grid is 
enormous — ^many hundreds of times 
greater than that used for ordinary elec- 
tric lighting. So the conductors have 
to be kept well away from each other 
and from the steelwork of the towers. 
Between a conductor and the arm 
from which it hangs is a string of 
insulators, about 6 feet long, and the 
arms are so spaced that no 
conductor is within 12 feet 
of any other. 

Some thirty-eight new 
power stations have been 
planned by the British 
Electricity Authority, and 
several are already in opera- 
tion. In addition, a Super- 
grid employing an electrical 
pressure more than twice 
the original grid is now 
being constructed between 
Glasgow and London. 

Besides the main grid 
there is a secondary net- 
work for distributing 
current, at half or a 
quarter of the pressure in 
the main grid, to centres 
where its pressure can be 
reduced. 

Instead of having nearly 
600 generating st^ions each 
supplying its ^mediate 
neighbourhood, ' we now 
have a comparat^ely small 
number of gre&t power 
stations at worl4 each not 
only supplying its own 
neighbourhood, but able to 
contribute current to the 
grid arteries, to meet 
demands elsewhere. 



‘ STEPPING-UP ' 
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THE VOLTAGE 


By using high voltages on the national grid a great saving is 
efiected. This photograph shows a transformer at a power 
station which raises the generator voltage from ii,ooo to 
132,000 volts to feed on to the transmission lines 





From animal transport to the steam locomotivi was the hrst and most sptctacular advance in transport 
F lectricity and the internal combustion engine ha\t brought new marvels l<\en mountains nuy be scaled 
in comfort by the metlKxl shown in the photograph abovt This is a view of the aerial funicular which 
conveys passengers from the Rio Llabregat, below the town of Monistrol in the Pyrenees, to the summit 
of the ‘'sacred mountain of the Catalans/’ which, according to tradition, is the site of the Castle of the Holy 
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Ihc island of Madeira which belongs to Portugal is m normal limes a popular holida> rtsort owing to its 
dd and salubrious climate It is a mountainous island, with steep twisting roads and narrow streets, often 
paved with pebbles Covered conveyances, known as earros, running on sledges and drawn l>s oxen, are still 
used, and our photograph shows this tvpe of island transport 
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Pkoio Aitoetattd t*reu 

The landing speed of an aeroplane makes a long runway essential, and the need for short •distance aircraft, 
able to land in confined spaces, is obvious In recent years the helicopter has been Used successfully for 
postal work and as a ta\i-plane Our photograph shows a British helicopter landing on the rt>of of a Paris 
store after a cross-Channel flight from a I /ondon roof-top. 



ON INDIA’S COUNTRY ROADS 



Photo Willh loKlor 

Motor-cars arc as popular in India as elsewhen, but awa) from the cities and the well-kept roads animal- 
drawn vehicles still have pride of place This photoftraph was taken not very far from Delhi The travellers 
sit cross-legged on cushions, with a shclMikc canopv as protection from thi sun, while the carnage itself 
IS decorated in bright colours, and the tinkling bells adorning the oxen prn\ide musical accompaniment 



BY CAMEL CAltAVAN TO CHINA 



Photo Month all 


Our photu^raph ahoN^s a camtl card\ an <m tht road troni lurkiHtan thiou^h rht Kun I un Mountnins with 
m ds for Hanchun^ and thence bv nvtr to Hankow '1 he bonntt ot a t ir on rhi Ittt sui^Rtsts that modern 
It thods of transport art nor unknown on this incnnt road o\ir whith nun uid animals hi\e travelled 

for (tnturus past 



Photo K«v Photo 


I vxpt the olde&t civili«ation in the vvoild and in Alexandria, st umd ci I v and chief p<»rt founded tn '\'M b c * 
I Mst rn« tts West and old and new minKlt with the modern motor>car alonKSidc a »low-movinK animal-drawn 
cart litre in this photograph an Arab stands in charge of a wilbladtn Yak, while in the hackKround can 
Ik sttn s<»mt of tht modern buildinies in I Kypt'a ancient cit> 




CONTRASTS FROM THE EAST 



We have seen a photograph taken near Delhi in a previous picture, and here in contrast we have a scene 
in the city itself. Electric trams have become one of the chief methods of transport through the streets of 
the Union of India's capital. The pr(H*cs.s of modernising the big cities has been going on for many wars 
hut there are still hig areas where the bullock carts are the onlv means of convevance. 




At first night <»ne would imagine that this photograph had been taken in one of the ancient lands of the Hast. 
Act* ally It was taken in Australia where there are great tracts of land across which the railways have still 
to be laid. Journeys over these sandy wastes must be made, however, and the camel still holds its reputation 

as the *‘ship of the desert.” 



Canada is another vast country where problems of transport are not easily solved. The task t>f bringing down 

? reat loads of timber from the big forests far removed from the railways is accomplished in vanout ways, 
n this photograph, taken at Hudson, in (^tario, can be seen the long line of heavily-laden trucks hauled 
by a tractor over snow' and ice-bound roads to the distant rail-head. 


BY CAMEL AND BY DOG CART 
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In those lands \\here the heat of the sun presents its own problems the camel is still supreme. Here we have 
n photograph taken at Aden, near the entrance to the sun>drenched Red Sea, showing a camel cart which 
has been the means of transport in this part of the \%orld through many centuries. A native trader drives into 
the port to collect his load of salt and cigarettes. 
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In Belgium and Holland dogs have been used for long years past to take round the morning milk carts in 
country districts. Despite more modem methods this form of transport still holds its own in many districts 
and has its peculiar advantages for fairly light loads and short distances with many stops on the round. Nor 
is the cost of upkeep a serious problem for the dog-owner. 





SKYWAY FREIGHTER AND MODERN FERRYBOAT 




In the mount linous country of California, the Golden State of the U.S.A.., railway oonmiunication between 
the Pacific ports and the mining areas in the “back o* beyond” is not always possible. Hut airfields can be 
con uicied in those areas difficult of access, and here we have a “skyway freighter” operatnl bv the S.inia 
Fe railroad, standing ready for the take-off at Pos Anj?eleK Municipal Airport. 



^ko9o: Itofifn Letgh 


On the far western side of the United States of America is WaahinKton State, not to be confused with 
Washington, the capital, in the Fast. Pu^et Sound, which confimurdcatcs with the Pacific, is a ^reat inlet 
running into Washington State, and the simplest way of travelling between the big ports such as Tacoma 
and Seattle is hy w'ater. Our photograph shows a ferryboat for passengers and goods on the Sound. 




AN OIL RfFlNING PLANT IN BRITAIN 


Oil fiom Venezuela ib bi ought to England m tankers and m the photograph above is given a view 
of the Ester Salts Plant at Sianlow, in Cheshire It stands on the Manchester Ship Canal In th( 
distance can be seen the Mexphalte Plant and the tanker discharge berths The two Extraction 
Towers are on the left with the tank farm in the foreground. 


THIS AGE 

ETROLEUM or rock oil has been 
known for thousands of years and 
the bitumen from it was used by 
the people of ancient Babylon to make 
mortar. 

The Chinese knew something of the 
uses of oil more than 2,000 years ago 
and sunk deep oil wells from which they 
obtained their supplies. But m the 
Western World the value of oil as a fuel 
was not generally recognised until about 
the mid^e of the 19th century. 

To-day, oil is one of the most impor- 
tant of ail our raw materials. Even in 
the most remote countries of the world 
the petrol-driven motor car has been 
seen and the jungles in tropical lands are 
being cleared by petrol-driven machines. 
The waters of the seas of the world are 


OF OIL 

to-day being churned by the propellers 
of oil-driven ships while in the skies 
above, aeroplanes cover vast distances 
at amazing speeds owing to their petrol- 
driven engines. 

Oil was discovered in bormg for salt, 
and was considered a nuisance because 
it seeped into the salt wells and spoiled 
them. Then someone found that raw 
petroleum was a lubricant : that is, was 
good for oiling machinery. The result 
was that an oU-well was driven m the 
State of Pennsylvania, and oil was 
found at a depth of only 69 feet This 
took place m 1859 and may be regarded 
as the first oil well to be sunk 

For Motor Car Engines 

By degrees it was ascertained that 
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A STORE PARK AT A VENEZUELAN REFINERY 

In comparatively recent \carb Vene/uela has become one of the imp ntant oil producing coiintritsof 
the world and her oil fields are being rapidly developed In this photograph is shown one of the store 
parks at a large Venezuelan refinery Here are stored ovt r /z 500 000 worth of difltrcnt equipment 
and spare parts, most of which is bought in Britain by the company owning the concession 


the raw, sticky, ill-smelling stuff could 
be refined and used as lamp oil, and 
parafhn began to be burned in lamps 
Its use increased until in 1905 the world 
was using some 215,000,000 ban els of oil 
yearly. Then the motor car boom set 
in. The " internal combustion ” engine 
came into its own and the world went 
oil-mad 

The raw petroleum as it comes from 
the wells differs m quality according to 
the area in which it is found, just as 
coal differs in quality. Coal, we know, is 
the product of the forests of long cen- 


turies ago which have been buried be- 
neath the earth’s surface until through 
long ages they have been turned into 
this particular and highly useful kind 
of rock we burn in our fiies 

Just how oil came to be Jormed is not 
quite so clear. It is genftrally agreed, 
however, that it was formed during the 
course of millions of yekrs from the 
large lakes which then existed. These 
lakes were gradually dried up as they be- 
came filled with decaying vegetation of 
all kinds In some strange way all this 
dead material has been gradually 


THIS AGE OF OIL 


changed during the long ages since it was 
buried beneath some great disturbance 
of the earth’s surface into a greenish- 
brown or rather darker liquid known as 
petroleum or rock oil. 

As it is pumped from the earth this 
crude oil would be of no practical 
use in the high-powered engines of to- 
day. It has to be refined and treated by 
the chemist in various ways according 
to the kind of oil required, and, of 
course, according to the quality of 
the crude oil obtained in any particular 
area. '' Refining 
covers various kinds 
of treatment, but it 
is from the crude 
oil that tlie refiners 
obtain paraffin for 
lamps and stoves, 
petrol for the in- 
ternal combustion 
engine, diesel oil for 
the big engines in 
ships as well as 
heavy lorries and 
’buses, and lubri- 
cating oil for many 
purposes. Jet-pro- 
l)elled planes 
require their own 
special fuel, a 
heavier grade oil 
more like paraffin. 

There is, too, the 
“high octane spirit” 
which is the out- 
come of the 
chemist’s experi- 
ments to obtain a 
fuel most suitable 
for the wonderful 
engines designed for 
some of the high- 
speed aeroplanes. 

Without this high 
octane spirit the 
amazing speed 
attained by planes 
in recent years 
would be impossible. 

In the early years 
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of the oil age practically all the oil came 
from the United States or the shores of 
the Caspian, but now men began to bore 
for oil all over the world. Rumania, 
Trinidad, Iran, Venezuela, Canada and 
other countries were found to yield 
oil. Widespread districts were riddled 
with deep boi ings and gridironed with 
lines of steel pipes laid to carry the oil 
to the ports where it is pumped aboard 
“ tankers.” Great refining plants were 
built in which the crude oil is distilled. 
The petrol and benzine come away first. 



Topical Presa. 

“ROUGHNECKS” WORKING. AT THE DRILL 


.-K great deal of haul and lieavy work is necessary before the oil far 
below the earth's surface is reached. In this picture, taken during 
drilling operation.s in the Menc tirande, N'eneznela, a team of heavy 
workeis, known as “ roughnecks.” are seen in action They are adding 
a new length of pipe as the drill penetrates to a greater depth. 



Topical Prf<i%. 

OIL PIPES AT CURASAO 

The largest island of the Dutch West Indies, Cura^o lies forty miles north of the Veneziielan coast. 
It has given its name to a well-known liqueur, but is known more to-day as a great oil distribution 
centre. Here we see some of the loading-pipes w'hich run from the tanks to the piers in the refinery 

at Cura9ao. 

Then, at a higher temperature, the screwed on length after length. When 
paraffin oil, followed by lubricating oils, the friction becomes too great to allow 
When a site is chosen for an oil-we^l a further driving, a smaller drill is used 
tall derrick is erected and boring begins, to continue the hole, which is lined with 
The boring tool is like a great chisel, pipes fitting inside the first- set. 

It is enormously heavy, as it is often Happily there are few ^dangers at- 
callcd upon to penetrate hard rock, tached to drilling oil well| nowadays. 
These bits vary greatly in size and shape Scientific aids of various kinds enable 
according to the type of sub-soil they drilling crews to be advised of any 
have to penetrate. trouble that may be exacted, and. 

As the well is sunk metal casing is when .he conduct of affairs is in the 
driven down to keep the sides from hands of an experienced ml company, 
collapsing, and exclude water. This such events as a well getting out of 
casing is made up of sections which are control and gushing forth a mighty jet 






OIL FROM BELOW THE LAKE 



Topical Pfcss. 


The South American Republic of Venezuela has now become one of the greatest oil-producing 
countries of the world, second only to the U.S.A. Some of the richest strikes of oil have been made 
in the basin of Maracaibo, west of the Andes, and wells are being sunk below the waters of the lake. 
Our photograph shows a member of the Venezuelan National Guard gar.ing out across I^ke 

Maracaibo towards the towering derricks. 
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( p\rt^hl 

A REHNI-RY FOR AERO-ENGINE Oil 

The crude oil from the 'v\ells requires different treatment according to 
its quality and the purpose for which it is to be used Here we see a 
refinery where the petrol used in high speed aero engines is prepared 
This particular plant produces what is known as too octane spirit 


of Oil high into the air are very excep- 
tional 

Some years ago a Tartar, named 
Tagiet, struck oil on the shores of the 
Caspian, and the oil spurted out of the 
bore-hole at the rate of ii,ooo tons a 
day, a quantity which it was impossible 
to keep under proper control 

From the town of Baku, some miles 
away, the oil fountain looked like an 
immense pillar of smoke. Clouds of oil 
spray floated away before the wind 
and covered everything for a distance 


of eight miles to 
leeward. The whole 
countryside was 
flooded with oil and 
people fled for their 
lives. 

“Capping” a Well 
An attempt was 
made to '* cap " the 
well, but tlie tliick 
steel lid which was 
drawn over tlie 
opening was soon 
bored through by 
the sand contained 
in tlie oil A huge 
mast was then 
obtained, weighing 
no fewer than 70 
tons, and was driven 
down the bore 
This cliecked the 
tenor, but only for 
a day 01 two, tlirn 
the mast \vas blown 
out like a shot from 
an air gun and the 
oil rose into the air 
to a height of 300 
feet \Vlieri at last 
this ''gusher" was 
got under control 
£1,000,000 worth of 
oil had been wasted 
1 li e actual 
appearance of an 
oilfield is now 
greatly different 
from what it used to be In former days, 
an oilheld was marked by a forest of 
huge, untidy derricks, with ^gines and 
gear on every side, and oil e^ei5where 
To-day there is little to distinguish an 
oilfield from the rest of the siirrounding 
country except for the presence here and 
there o^ a tall steel denick, looking not 
unlike an ordinary electric pylon, but 
taller Generally, no oil is visible 
an)where , only a number of slowly 
oscillating pumps, looking rather like 
strange birds, which pump the oil from 


BRITAIN'S GREATEST OIL REFINERY 



At Fawicy, near Southampton, a great oil refining plant was formally opened in 195 r. when 

finally completed will be easily the largest in Europe. Other refineries have been, or are being, 
built in this country, and Britain will soon be able to produce some 20 million tons of refined oil 
coinjiarcd with 3J million tons in i<i48. At Faw ley some bj million tons wall be produced each year. 

In this photograph the fuel c)il tanks and heaters are seen. 



Photos : Topical Press. 


This giant plant at Fawley has splendid berthing facilities in Southampton Water, and the crude oil 
can be brought right to the rehnery while the refined product is sent in the sanio way to wherever 
it is required. At least one large ocean tanker discharges crude oil while others are constantly 
leaving with the hnished products. Our picture shows an Esso tanker at No. i berth. 
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a depth of many thousand feet to pass 
through the gathering lines to the 
storage tanks. 

Just as coal is found in every conti- 
nent and almost every country, so is 
oil. While coal is known to be the 
fossilised remains of prehistoric forests, 
so oil is believed to have been formed 
from the decomposition of vast beds of 
seaweed or other marine growth. Oil 
i? now being pumped from wells driven 
in the sea bottom off the Californian 
coast, and it is certain that there are 
huge supplies of this valuable fluid 
under the Gulf of Mexico. 


Up to now, the country that has pro- 
duced the largest quantities of oil is the 
U.S.A. For many years her output has 
amoimted to more than 6o per cent, of 
the world total. But as her own con- 
sumption has increased, the amount of 
oil available for export has diminished. 
As a result, other countries have now to 
draw their supplies from elsewhere, 
chiefly Venezuela, Saudi Arabia, 
Kuwait, and the East Indies 
The situation to-day is that every- 
body is consuming more oil, especially 
in the U S.A As the output in the 
U.S.A. may be expected to decline 














# A, Si;- 




" j 




4 








% 




Topical Pfits* 

AT ONE OF CURA(:A0’S REHNERIES 

Concessions to work the oiUiclds of Venezuela have been granted to Britibh and American Companies 
A certain amount of the oil must be refined in Venezuela itself, while other refineries have been 
established on adjacent islands, Here we see the alkylation plant at a Curasao refinery, 



HOW THE GEOLOGISTS "SHOOT " FOR Oil 



Shell 


A certain amount of intelligent gucssv^oik has to be done by the geologists >vho assist the oil pros- 
pectors Various tests are employed and the diagram above sho^is ^^hat is known as the seismic 
method Into a l>ore hole, not more than loo feet deep, an explosne such as gelignite is pla'ed 
and then fired 'I he result is a small eaithquaki, sound waves from whuh are rccci\cd in tlu 
recording \an Tht renord tells the experts the exact nature of the ground far below and whether 

oil is likely to be found 
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AS SEEN IN A TEXAS OIL TOWN 

I'P to the present the Ij.S.A. has produced the largest quantities of oil. but there is a possibilily 
that supplies from this country may decline in tike years to come. Our photograph shows a down- 
town section of Kilgore, Texas, studded with oil derricks, and gives some idea of what a modern oil 

town IS like. 


gradually, she may have to look else- 
where for part of her supplies. This is 
the reason why so much attention is 
being paid to-day to the Middle East 
as a source of supply. It contains the 
largest reserves in the world so far as is 
known at present. 

Prophecies regarding oil supplies must 
always be mixed with caution. The 
United States authorities, while looking 
elsewhere for oil supplies in case their 
own wells run out, have not relaxed 
efforts in their own country. In March, 
1948, for instance, it was officially 
announced that an oil shale deposit in 
Colorado was being developed and that 
this new source was believed to have a 
potential output of about ten times the 
volumeof all oil so far drilled in the U . S. A. 

It is possible, so the experts believe, 
that this may become the largest 
mining operation in the world. The 


method employed in the case of this 
deposit is to mine the shale rock and 
transform the nearly solid petroleum 
contents into crude oil. Such a source 
of supply, when fully developed, might 
solve all the American problems of an 
adequate oil supply for many years to 
come. 

In Canada, too, the production of oil 
is increasing. Alberta's oilfields are 
being steadily developed, and the 
Athabaska tar sands are t believed to 
contain one of the largest -known sup* 
plies of oil in the world. The develop- 
ment of these deposits holdif tremendous 
possibilities. Large reserves are also 
known to exist in South Anierica and 
intensive exploration and development 
work is being carried out there. 

Home-produced Oil 

Great Britain normally needs some 



THE DRILLING CREW AT WORK 



Oil IS not found in pools or lakes below ground, but is always absorbed in sand or sandstone, whi h 
hold the oil as a sponge holds water This sand or rock niay bo anything fiom Oo to 70 feci 10 
nearly three miles below giound. To leach it a hole has to be drilled, and here see a drilling lflw 
at work, lixjng the tackle which will drive (he hole, no more than 8 or ro inches across right down 
to the oil soakfd sand 01 n>ck from which it will later he pumped 
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Ir v'anous countries huge pipelines have been constructed to bring the oil from the place where il is 
found to sonie port where il can be conveniently taken aboard a tanker for transport to wherever il 
may be required. In this picture wc acc part of one of these long pipelines during construction. The 
curious-lo<iking engine is a pipe-cle^aning machine in action.' *h- 
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Here we have anothci view of a big oil-refining plant. This pluitograph shows the Dominguez 
Hennery of the Shell Comjiany in California, TJ.S.A., where Iso-octane is manufactured to form 

the basis of loo-octane aviation spirit. 




A TANKER WITH OIL FROM VENEZUELA 

1 Ijo big oil companies have their own Heets of specially-constructed vessels to bring the oil fiom 
<>v( I seas to the countries where it is needed. Our photograph shows one ol the Shell Conipanv s th*f t 
of tankers. It is cairving a cargo of oil from V'^cne/uela to a liritish port. 


3,000 million gallons of oil eveiy year 
and could no doubt use very much more 
if supplies were unlimited. Practically 
all this quantity has to be brought to 
our shores in the spccially-built oil- 
carrying ships known as tankers. 
Everywhere the demand for oil is 
increasing and in recent years motorists 
in this country, and in others, have had 
to endure severe restrictions simply 
because this ever-increasing demand for 
petrol cannot, for various reasons, be 
adequately met. 

Oil has been discovered in Britain 
but the prospect of obtaining suffi- 
cient supplies for our needs at home is 
highly remote. In 1911 an experimental 
boring was made in Nottinghamshire 
and in 1918 the first real oil-well was 
drilled in Derbyshire. The experts 
continued their search and by 1945 
there were some 240 wells in this 
country, mainly in Nottinghamshire 
and Lancashire. Over 25 million gallons 


of petrol were produced in a year, but 
this is not a hundredth part of the total 
amount we require. 

A certain amount of petrol ib being 
made from coal in England, but the 
supply is limited. In Scotland a parti- 
cular substance known as oil-sliale was 
dug from the ground years ago and a 
certain amount of oil extracted from it. 
Wlien large quantities of petrol were 
easily imported from America no one 
troubled very mucli about shale-oil. 
To-day with new methods of extraction 
theshale-oil industry is being developed. 
The shale is dug from comparatively 
shallow mines in much the same way 
that coal is mined ; later the shale is 
treated in retorts and various f)roducts 
extracted during the process of distilling, 
condensing and refining. 

We speak of petroleum as a mineral 
oil," and not only does it give us petrol, 
paraffin and fuel oil for steamers, 
locomotives and different kinds of 
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UNLOADING OIL AT A BRITISH PORT 

In modern times great pipelines have been laid from the oilfields to the poits litre the t|^nkers take 
It aboard thiough flexible pipes, wiie-coveicd to safeguard them against injury After its journey 
m the tanker across the seas, the oil is unloaded, and m this photograph is seen a tankci at a British 
port The oil pipe-hne from the shore is being lowered by a ciane in readiness for the taik of Uking 

the cargo oi oil ashore. 


heavy engine, but it also affords Vegetable oils come from seeds, nuts 
paraffin wax, from which candles are and such sources ; animal oils from fish 
made. and the fats of many other creatures. 


THE EVER.USEFUL RUBBER 



MAKING A RUBBER PLANTAIION 


RuMtr Crnxien' IwodiUon 


A short time this land was covered with jungle It has now been cleared, and toohes aie 
it with rows of evenly-sjTat ed youni^ rubber tiees from the estate nurseries these 
plants have been reduetd to stumps, but thry will send out shoots and j^iow into sturrlv tret s 


About the year 1500 tlie Spanish 
LJL adventureis who won* conquer- 
jC V ing Mexico brought liome to 
Spain some small, hard, black balls 
winch bounced in a way which was new 
to all beholders. They were made, so 
the travellers said, from the black resm 
of a tree, called by the natives '*Ulaqua- 
huil.*' 

This was the first ntbber seen in 
Europe. It was looked upon merely as 
d curiosity, and it was a great many 
years before it was thought of as any- 
thing else. Priestley, the great English 
chemist, found that it was good for rub- 
bing out pencil marks, and that is how 
it got its name “ india-rubber." That 
was about the year 1770, but another 
seventy years had to pass before it was 
discovered how to vulcanise india- 
rubber. 

Rubber is a peculiar commodity. It 
will not dissolve, like so many vegetable 
saps, in water or alcohol. It was dis- 
covered, however, that by heating it 
with sulphur, it could be handled quite 
easily. It became more elastic, was not 
hardened by cold or softened by ordinary 
heat, and it could be made into thin 


sheets which, when applied to clotli, 
made the clotli wateiproof. 

It could also be made into " vul- 
canite," the hard form of rubber which 
IS good for making combs, penholders, 
buttons, paper-knives, etc, Vulcanite 
can be moulded or carved into a hun- 
dred forms, and one of its advantages is 
that it is a non-condintor of electricity. 

From the Amazon Valley 

So began tlie use of india-rubbei 
For the first time in histoiy men iiad 
overcoats through which no rain could 
penetrate ; goloshes, shoes vhicli were 
impervious to wet ; garden-hose which 
could be coiled up and made of any 
length desired ; belting for machinery 
better than any yet made ; and, as time 
went on and motor cars came in, air- 
filled tyres on which these swift vehicles 
could speed at paces up to six miles a 
minute. 

Several different trees supply the 
" latex," or sap, frpm winch india- 
rubber is made, but the most important 
is the Hevea brasiliensis, wliich is a 
native of the Amazon valley. For 
many years Brazil was the sole source 
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MILKING A RUBBER TREE 



This method of lapping ' a rubber tree is called the herring-bone system Sloping grooves are 
cut in the bark ot the tiee on both sides of a central vertical channel, which leads the exuding 
latex or milky juice down into a collecting cup at the bottom The coolie in charge of a section 
makes his rounds periodically and emf^ies the latex from the collecting cups into his pail. 
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A RUBBER PLANTATION IN MALAY 



Heic we see the rubbci seedling trees growing 
m the nurseiy beds ot a plantation near Kuala 
Lumpur, Malay The M»ecds aie kept down by 
Indian coolies 



Another method of tapping the lubber trees by 
removing a small section of the birk in a full 
spiral The latex appears at once and drips 
into a small cup hanging on the wire below 



In this picture the tappers are returning with 
their pails of latex after the morning s work 
on the plantation Most of them have two 
buckets cirruxl in milkmiid fashion 
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Inside the plantation factory, thi latex is 
mixed with formic acid then passed through 
rolling mills to make into sheets These 
sheets are then hung out to diy 
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Ihe blocks of coagulated rubber are here being rolled out like pastry ami then pas ed th]out,h 
rollers whik bung washed to flatten them further into thin sheets of ciepe rubber \ iiioiis 
methods of lolhng arc used, to produce diflerent kinds of t lepe and sheet in which forms riw 
rubber is sold to manufacturers of rubbf r articles 
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Phe ios Rubber Growers' A ssoeusiton. 

Crepe rubber hung up on racks in a drying bouse What is called ‘ pale crepe ' is dried by a 
natural draught of air circulating among the sheets , while smoked sheet is exposed to the 
smoke from wood fires burning on the pound below The smoking gives the ruober a dark 

reddiah-browa colour 





BRINGING RUBBER TO MARKET 
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The sheets of cured rubber are carefully sorted, weighed, folded, and packed into strong ply- 
wood cases, each containing from ij to 2 hundredweights of rubber. In this picture coolies cire 
seen carrying cases from a native craft called a wallam into a storehouse, where they will remain 

until required for shipment. 
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Photos: Rubber Growers’ Association. 


The scene is now shifted from the East to a warehouse in London. The raw rubber is here being 
unpacked, weighed, sampled and got ready for inspection by buyers, London is one of the 
greatest rubber markets of the world. Well over 150,000 tons of rubber enter London docks 

in a year. 
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of the world’s rubber, and great for- 
tunes were gained by tapping the wild 
trees. 

Terrible work it was, and is, in those 
steaming tropical forests which reek of 
fever and pestilence. For hours daily 
the rubber gatherers work in swamps 
where they sink over their ankles, amid 
rivers swarming with alligators, sur- 
rounded by poisonous snakes and 
clouds of stinging insects, threatened 
by all kinds of disease, especially that 
terrible one called “ espundia.” For 
the wild rubber tree attains greatest 
perfection in conditions that are most 
terrible for human beings. 

The Smuggling of the Seeds 

This sort of thing could not go on. 
and in 1876 it was decided to endeavour 
to transplant the rubber tree to India 
Mr. Henry Wickham was entrusted 
with the task of collecting seeds from 
Brazil by the authorities at Kew. Now, 
t le Brazilian Government, well aware 



Dunlop Rubber C 0 , Lid 

RUBBER FOR CAR TYRES 


A wide band of unvulcanised rubber being 
passed between huge rollers and slit down 
the middle into two parts, each of which 
will be cut up into lengths for covering walls 
and treads 


of the value of rubber, had made laws 
against allowing any of the seed to 
leave the country, and Mr. Wickliam 
did not know how to get past the 
Customs' examiners. 

Chance came to his help. While far 
up the Amazon he was surprised by the 
arrival of a large steamship, the S S. 
Amazonas, which had been sent from 
England to trade up the Amazon. She 
could find no cargo, however, and was 
on the point of being abandoned wlien 
Wickham chartered her on behalf of 
the Government of India. With great 
secrecy he got a quantity of rubbei 
seeds aboard and hid them. Then he 
sailed for home. Somehow he m^uiaged 
to evade the officials at the river mouth, 
though this was not easy, because the 
only navigable mouth of the Amazon 
is very narrow — ^the big mouth you see 
on the map is shallow and full of sand 
banks. Eventually he deliveied his 
seeds at Kew, where they were ger- 
minated in hot-houses For this great 
service Mr. Wickliam was afterwards 
knighted. 

Sent to India 

The young plants were, in due time, 
sent to India in “Wardian " cases, like 
small portable greenhouses, and set out 
in botanical gardens in Ceylon, Singa- 
pore and elsewhere. Here, it is now 
difficult to believe, no one would bother 
to grow them. Planters were all too 
busy with tea and coffee. Then came 
the coffee-leaf disease, which destroyed 
all the trees in Ceylon and forced 
growers to look for some other crop. 
They started rubber, and to-day most 
of the world's rubber comes from 
countries of the East. The Malaya 
plantations produce 700,00b tons a 
year, nearly half the totil natural 
production. 

A rubber tree is first tajl^d when 
five or six years old. The bark is pared 
away, a bit at a time, to expose the 
tubes in which the milky, rubber- 
yieldinjg latex collects. The "milk" 
drops into a cup, and the contents of 




paifUcd f rihi u rK 

TAPPING A RUBBER TREE 

1 xtractirij^ tht iiiblxr U iiiii litt\ oi luut fioin tlit bnk il a lubbtr lui is dorit \LI^ 

systeiii.it K ally jii ordir to nnmt.iiii i const int supply witlumt tin trot lli< cut in thi 

bark as shown ni tlu jMctnn luj in with a |^ioo\i niuU just bi l(»w tin t ippt r s h ft hind ant' 
roaUud one thud of the w ly rountl tin tree It will t»t t\t(iidid downwards to within a toot or 
so of the f,roiind Ilitii tht ollitr two thirds will bt t ijiptd siuctssivtly m iikt niannt r By the 
tiint lilt thud ut IS 4 t)in]>b tt <1 Iht biikin tlu iiist will Invt Kmwtil ilstll 
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TWO STAGES IN T/RE MANUFACTURE 



In tins picture we see the raw rubber as it is received in this country, being '* masticated " at the 
works It IS passed between heated steel rollers to make it fit for the next stage. 







Dunlop Rubber Co , LttL 

This shows a later stage m the manufacture of a heavy truck tyre A newly-built t)re is being 
loveicd into the mould ready for vulLanisation 
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LAYING THE TREAD 



Dunlop Hubber Co., Ltd. 

Hero we see another of the various stages in making a motor car tyre. The tread rubber and the 
sidew'alls are being laid on a flat collapsible " Forma " on to which the rubber-impregnated cotton 

casing has previously been laid. 
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TAKING OUT A VULCANISED TyRE 



Dunlop Rubber C o , Lid 


On a previous page the 1) re being loA^ercd into the mould for \ uUanisatioii Tu tins picture 

the great press is seen more fully as the freshly vulcanised tvu is removed from the mould In 
tht vulcanisation pro( css sulphui is added to tin rubber 
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these cups are emptied into pails, 
which, in turn, are emptied into tanks. 
The fluid is later coagulated (made 
firm) by adding a little formic acid, and 
is then washed and rolled into sheets, 
which take on a pale yellow colour. 
Sometimes the sheets are smoked and 
are then known as " smoked sheet." 

The sheets are shipped to Europe or 
America for making up into various 
objects, from elastic bands to great 
motor tyres. Vulcanising, whicJi used 
to be a slow process, is much hastened 
nowadays by mixing with the rubber 
certain chemicals called " accelerators." 

The Value of Rubber 

The cycle and the motor car could 
not exist without rubber tyres, while 
football, tennis and golf would be 
equ.dly impossible without mbber to 
make balls used in these and other 
similar games. Electrical engineering 
depends largely on rubber, and so does 
i lie medical profession. Rubber gloves, 


rubber sheeting, rubber tubing for ad- 
ministering anaesthetics, rubber castors 
for operating tables, rubber mattresses 
— ^these are only a few of the many uses 
of rubber in modern medicine. 

For Paving Roads 

In the home we have rubber hot- 
water bottles, rubber sponge bags, 
rubber bath mats, and many other 
rubber-made articles. Rubber soles 
our shoes and is rapidly replacing 
leather for that purpose. In the office 
you find mbber erasers, nibbiT stamps, 
rubber bands and mbber pencil holders. 
Nearly all fountain pens are made of 
vulcanite. Wlien mbber was plentiful 
we began to pave our roads with it. 
Rubber is in tmth one of the most 
useful substances known to man. 

One may start a mbber plant.it ion 
from seeds, but a quicker method is to 
plant trees. These are cut down and 
trimmed to mere stumps but develop 
quickly and grow into strong tribes. 



Dunlop Rubber Co , I Id. 

A BATTERY OF TYRE-BUILDING MACHINES 


Many thousands of tyTCs are required each year for motor vehicles of all types as well as cycles and 
othci road rairiages This picture shows the scene m a factory at Fort Dunlop where a battciy of 

tyre-biiilding machines is in operation 



HOW PAPER IS MADE 





Cop\ ru’M 

J'lDin about 1873 onwards, wood pulp has been ust-d more and mote for the rnakinj^ of p.ipn In 
this pic'l me arc m en ilie ^rcat slacks of baled wood pulp as it looks when broui^ht to this ( omUry from 
os'eiseas. In the loiest le^^ions wheie the conc-boanng trees flourish, the wood is chopped up and 
made into pulp by means of chemicals. This pulp is dried and shipped to the papcnnakeis oveiseas. 


P aper is one of the world's 
oldest inventions. The Chinese, 
who usually claim most of the 
big inventions, certainly made paper 
hundreds of years before the time of 
Christ, but it is doubtful if they were 
ahead of the ancient Itgyptians, who 
manufactured papyrus paper out of 
reeds fully 4,000 years ago. They cut 
the pith out of the reed called papyrus, 
laid the thin slices side by side, mois- 
tened them with water, rolled them fleit 
and polished them with an elephant's 
tusk. 

The Chinese formed their first paper 
out of mulberry trees and sprouts 
of bamboo, and later discovered a 
way of pulping silk waste and turning 
it into paper. Tsai Lun, a Chinese 
inventor, who lived about loo years 
after Christ, found out how to make 
paper of bark, hemp, rags, and even 
from worn-out fishing-nets. Chinese 
artisans crossed Asia and took the 
invention to Samarkand, where paper- 
mills were erected more than 1,000 
years ago. 


The Arabs made paper of rags, and 
the Moors brought the invention to 
Spain. At last, in or about the year 
1460, the first paper-mill was established 
in England, and in 1590 the mills at 
Hartford were started. Since then 
Britain has become one of the greatest 
paper-makers and users in the world, 
and in 1889 an English maker showed 
in Paris paper made from sixty different 
materials. 

Pulp for Paper 

Almost any vegetable growth has a 
fibrous stnicture or framework which 
can be converted into paper. To be 
of any use to paper manufacturers, 
however, it must be cheap and in 
plentiful supply. For centuries nearly 
all our paper was made from cotton 
and linen rags, but as the demand 
for paper increased the supply of rags 
became totally inadequate. About 
1850 experiments were made in making 
paper from Esparto grass, a very long, 
thin, wiry grass that grows in the 
swampy areas of North Africa. Esparto 
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grass proved highly suitable as it con- 
tained a very good proportion of fibre, 
and within thirty years we were 
importing about 220,000 tons yearly. 
To-day it is largely used in the manu- 
facture of good quality paper for books 
and other better class publications. 

In 1873 wood pulp was first intro- 
duced for paper-making, and by degrees 
was found to be by far the cheapest and 
most satisfactory material for that pur- 
pose, so that nowadays nearly all paper, 
except the best note, is made from wood. 
But all woods will not do for paper- 
making. Oak, ash and beech are prac- 
tically useless for the purpose. The 
fibre is not long enough. Only the 
wood of certain cone-bearing trees is 
suitable, and, in point of fact, mo.st 
of our paper-making material comes 
from Scandinavia, Newfoundland and 
Canada. 


Wood to be used for paper-making 
is first chopped up and sliced by 
machinery, then pulped with chemicals, 
such as caustic soda and sulphurous 
acid, in vats heated to a high tempera- 
ture. To save cost of carriage, this is 
usually done at works close to, or con- 
nected with, the saw-mill, and the pulp, 
not the timber, brought across the sea. 

Making the Paper 

The pulp has to be carefully bleached 
before it can be used. It is then mixed 
wdth water to about the consistency of 
cream, and this pulp is run out on to a 
table made of wire cloth. On this wire 
cloth the pulp is carried along and 
strained and dried as it goes. It 
pa.sses between rollers, which squeeze 
out the remaining water, and after this 
looks like very thick, rough blotting- 
paper. It is then called “ half-stuff.” 



Wood pulp in its natural state is a greyish, dirty hue, and altogether too lumpy. The first task at 
the mill is to break up this raw material by a process of beating in great tanks, as seen above. In 
these tanks certain chemicals have been mixed with the water and these chemicals are absorbed by 
the pulp and act as a bleaching agent to give the necessary whileness. 



MAKING PAPER By THE MII.E 



In Uk two pii tures on this page the marhine \\hith really makes the paper is shown The material 
stalls at tlu wet end as a creamy liquid stream It is rained for\\ard on an endless wiie iloth 
thiough whi( h till wiltrdriins issisteil by suction box( s Ihi fihious him tin n tree i Is roiiml sti am 
heated c\Iindiis iiid rollers that diivt oil the. list of the wati i and maki tin short firm 



} h i s Lopyrighi 


Eventually the in iteri il which Ik t,cin is tin luamy pulpaiiuis it tin otlii i i nd of its luiii^ )oinuey 
through the nnchine, which as can be sion abo\e is ol tiulv tn mendons U nu,th This photograpl 
shows till diy I nd and the papt i lomes stiadily torth to be wound on thi gn it ml 
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C opyrtfiht. 

Wf are all familiar with the process of ironing starched material such as collars and culTs so tlKit a 
pt ^ectly smooth, shiny surface is produced. The big rolls of paper seen in the picture aliove aic 
going through a very similar process. The heatM rollcjrs press the paper and dry it, giving to tlif 
paper what is known as a “ calendered " surface, smooth and shiny. 


This is broken up again with a quantity 
of pure water, dried and rolled out 
afrc.sh. 

It is during this second process that 
any nc coss.ary colouring matter is added 
as well as the “ filling ” or "'loading.'" 
rhina clay or calcium sulphate is u.sed 
for lining, and makes the paper more 
solid. " Sizt‘ " is also added. The last 
process is to run the sheets between 
smoothing rolls and polished rollers of 
chilled iron, which give it a .smooth 
surface. 

The pulp made in this way is known 
as chemical wood ; it is of good quality 
and will retain its colour for a long time. 

Pulp for Newspapers 

In the case of new'spapers it is not so 
important to use a paper of good 
quality as the daily papers are usually 
bought, read, and then thrown away. 
For newsprint an even cheaper and 
quicker process is employed, producing 
what is known as mechanical wood pulp 


because it is made by the mechanical 
pfocess of grinding logs of wood on 
revolving wet grindstones. Many mil- 
lions of tons arc made in this way every 
year. 

Pulp made in this way is practically 
a fine sawdust, with torn fibn\s that 
arc too short to use entirely alone. 
This pulp is therefore mixed with 
chemical wood pulp ; approximately 
one part of chemical pulp is mixed with 
four parts of mechanical, and the longer 
chemical fibres give the necessary 
strength to make the finished sheet hold 
together. Paper made from this mix- 
ture is known as " newsprint,'? and the 
machines making newsprint ha|rc gradu- 
ally become larger and increiased the 
speed at which they run . One machine 
in Britain makes a sheet 300 inches wide 
at the rate of 1,250 feet per minute. 

This is only a very brief description. 
A glance at our pictures of paper- 
making machinery will give a better 
idea of the many processes through 
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SjnuxLl\ patrUtii jot this ttork 

SHJEEP-SHEARING IN AUSTRALIA 


\\ool IS a valuable comnicwlity because it en iblcs us to endure tin cold ( f our northern winters 
Though we still produce much wool at home the imiiitnst, flocks of sh^ep in Aistrilia ind Istw 
Zealand now yield about one fourth e>f the worlds suppl^ much of which finds its w lo the 
mills of \oikshire Our picture shows mu lianital she »nn^ f)n m Austrdiin sheep statiem 



HOW PAPER IS MADE 


which the pulp passes before it comes 
out, ready to be cut into sheets for 
printing newspapers or books 

Made from Rags 

The best sorts of notepaper, and 
paper for special illustrated books, is 
made of linen and cotton rags, which 
are first freed from dust, then carefully 
sorted and cut up by a machine. They 
are next boiled in caustic soda, and a 
solution of bleaching powder (chloride 
of lime) is added, in which they soak 
for some time. 

The “ half -stuff " now is fed into 
beating engines, then strained and run 
out upon the paper-making machine. 
All these best qualities of paper are 

tub-sized ” ; that is, put through a 
bath of gelatine size and afterwards 
dried. The sheets are placed between 
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zinc plates and rolled or glazed between 
heavy rollers before being sent to the 
finishing department, where they aie 
sorted and counted into reams. Note- 
paper is usually packed in quires of 24 
sheets. In every ream there are 20 
quires. 

The amount of paper used in the 
world is enormous. One mill alone, 
and that not the largest in this country, 
produces about 3,000 tons a week, and 
to make this it uses 4,000 tons of 
coal and uses 200 million gallons of 
water. 

Thousands of Miles of Paper 

We think of paper for piinting and 
writing purposes, for making bags foi 
the tradesmen, and brown paper for 
household use. If you were asked to 
make a note of other uses, you might 





NEWNES* PICTORIAL KNOWLEDGE 


334 

perhaps pul down wall-paper, paper for 
wrapping cigarettes and blotting-paper. 

But these are only a few of the vast 
variety of papers. There is paper for 
currency and Bank Notes, very speci- 
ally made for the Bank of England, and 
every inch has to be measuied up and 
accounted for. There are drawing 
papers, carpet felt, cartridge paper, 
butter paper, tracing paper, chart 
paper. Nor must we forget mill- 
board, paste-board and cardboard, in 
all kinds of thicknesses and varieties. 

For cardboard, brown paper, wrap- 
pings, and to fortify pulp for newsprint, 
the waste paper collected from homes 
and offices has become highly import- 
ant in recent years. Over 15,000 tons 
of waste paper can be dealt with weekly 
by British mills. 

During war-time strong sandbags 
were made of paper, as well as twines. 


cords, ropes, and petrol jettison tanks for 
aeroplanes. Paper is now fashioned into 
stair carpets, trunks and bags, milk 
bottles, towels, handkei chiefs, and even 
wearing apparel. 

By Smokeless Engine 

In a paper-works hre would be a par- 
ticularly terrible happening, and the air 
has to be kept as free from smoke, soot 
and sparks as possible. In one large 
paper mill the bales of wood-pulp are 
hauled on narrow-gauge rails from the 
ocean-going ship to the stackyaid, and 
from this yard to the " beater or mix- 
ing-room by a small though immensely 
powerful locomotive that has neither 
fire nor smoke and yet is a steam engine. 

Instead of having a furnace the engine 
is taken every four hours to a boiler- 
house to be charged with super-heated 
steam. 



Messrs, Stonhill and GtUis Ltd. and R. T TcOtner & Co ltd. 


ESPARTO GRASS FOR HIGH QUAIITY PAPER 

For centuries nearly all our paper was made from cotton and linen rags, but in 1850 experiments 
were made with Esparto grass which grows in the swampy areas of North Africa Esparto is still 
used in Urge quantities loi the manufacture of good quality paper. In this picture a cargo of 
Esparto grass, brought from Sfax in North Africa, is being unloaded into barges in London's Docks. 


COTTON GROWING AND SPINNING 



COTTON-PICKING IN CALIFORNIA 


H. J. bkepstone. 


Tbe cotton harvest in full swing at Fresno, m the San Joaquin Valley. The pickers are pulling 
oil fully ripened bolls, seeds and all. Harvesting cotton is not a matter of a day or two, as with 
grain crops, for the bolls ripen at different times, and the first may be picked months before 

the last. 


T here is nothing particularly 
noticeable about an ordinary 
cotton bed sheet, considered 
merely as a sheet. It is just two sets 
of threads, crossing one another at right 
angles. If you look at any one thread 
closely, you will see that it passes alter- 
nately over and under the threads in 
its path. 

But, like many other common things, 
it becomes quite interesting when its 
story is explored. Who first discovered 
how to twist the fibres gathered from 
the ripened bolls of the cotton-flower 
into a thread of cotton no one knpws. 
It happened long centuries ago 'and 
most probably in India, Long before 
anyone in England knew what "cotton- 
wool " was like or how to spin it into 
cotton and weave it into cloth, the 
making of garments from cotton 
material had become quite an industry 
in India -and other parts of the East. 

Calico and Muslin 

Cotton cloth was being made at 
Calicut on the West coast of India when 
Europeans landed there at the end of 


the fifteenth century. It was from 
this town that the name "calico" 
came, just as another kind of cotton 
material, muslin, first took its name 
from Mosul in that country not very far 
from India known to-day as Iraq. 

Since those days the cotton industry 
has become a great and important 
industry in many countries and nowhere 
more so than in Britain. Lancashire is 
said to owe much of its success as the 
great centre of the cotton-spinning 
industry to its humid atmosphen- 
which prevents the fine threads in the 
early stages from breaking too easily. 
In drier climates where cotton-spinning 
was at first a failure this humidity has 
to be produced in the factories by arti- 
^ficial m^ns. The cotton plant itself 
f grows best in sub-tropical climates. 

Look at a piece of cotton cloth — a 
sheet or a handkerchief. If a single 
thread be pulled out and untwisted, 
it is found to be composed of a number 
of very fine fibres. Under a microscope 
each fibre resembles a tiny flattened 
tube with a corkscrew-like twist in it. 
This twist is found only in cotton fibres 
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and is a great help in spinning, as it 
makes them interlock and cling to one 
another. 

The cotton used for our sheet came 
most probably from the southern part 
of the United States, which produces 
more than half the world’s supply of 
raw cotton. Tlie cotton-growing dis- 
trict there covers about 500,000 square 
miles, or, say, ten times the area of 
England. In one year it may yield 
as many as 16,000,000 bales, each 
weighing 500 pounds ; that is, over 
3.500,000 tons of the material. 

In case you should wonder where the 
rest of the world’s cotton is grown, we 
will add that India comes next to 
America as regards quantity produced, 
while Egypt supplies cotton of the 
higliest quality. To make the list of 
cotton-growing countries fairly com- 
plete, we must include in it the West 
Indies, Mexico, Brazil, Peru, Nigeria, 
British East Africa, Russia, Iran, the 
Last Indies, Asia Minor, China and 


Japan. Australia has also become a 
cotton-growing country and in Queens- 
land, which has long been well-known 
for its wool-producing sheep, the 
farmers are now cultivating the cotton- 
plant as well. Nearly all the cotton that 
Australia needs is now produced on her 
own lands. 

How the Cotton Grew 

Last April, on a certain cotton estate, 
machines were busy drilling seeds in 
rows about 4 feet apart. From these 
seeds sprang little plants, which were 
thinned out with hoes till only one 
remained every foot or so. Now and 
then the farmer cleaned the ground 
between the rows with a machine called 
a cultivator, to keep down the w^eeds 
whidi grow so quickly in these parts. 

Two months after sowing the plants 
were bushes 18 inches high, wnth heaves 
rather like those of ivy. On tliein 
flowers presently began to open — 
creamy-coloured, suggesting hollyhock 
blooms, but with longer 



Will F. Taylor. 

THE MOST USEFUL OF FLOWERS 

A “ closc-up ” of cotton flowers just come into bloom. 
Seen from this point of view they resemble poppies, but 
act nail) tliey are more like hollyhock blossoms. 


bells. The shrubs Went on 
growing till they were 3 feet 
to 4 feet high, and 
the earliest flowers dropped 
their petals. At the centre 
of each flower was a seed 
capsule or fruit, called a boll. 
By August many of the bolls 
had split open, and out of 
them burst masses of white 
down, clinging to a large 
number of black seeds. The 
down was raw cotton. 

Coloured people — negro 
men, women and children — 
then began to pick the 
cotton, and th^ picking 
lasted till well oj) into the 
autumn. As fa^t as the 
cotton was gathered it was 
passed through d machine 
named a gin^ which 
separated all the Seeds from 
the fibres. The seeds weigh 
a good deal more than the 
lint, that is, the cotton itself. 


337 


COTTON GROWING ANt) SPINNING 



CommonwfoUh of A nstralta 

WHAT COMES FROM THE FLOWER 


Thf ripened seed-capsule or boll of the flower has here opened, and 
masses of the white dowm which we call cotton have burst out of it. 
This particular boll was grown in Queensland, Australia. 


At one time they 
proved themselves 
a great nuisance to 
farmers, who were 
at their wits' end to 
know how to get rid 
of the huge piles of 
seed that collected 
round the ginriing- 
mills. But to-day 
the seed is a valu- 
able part of the 
crop. Oil squeezed 
from it IS used for 
cooking, soap- 
making, and many 
other purposes; 
the spent pulp 
makes a splendid 
cattle looci ; and 
t'ven the husks have 
a use as fertiliser. 

Enemies of Cotton 

The ginned cotton 
IS put up into bales, 
which are squeezed 
in a powerful press 
to reduce their size, 
and sewn up in 
sacking. It is then ready for sending 
out into the cotton markets of the 
world. 

The cotton-farmer, like other far- 
mers, is more or le.ss at the mercy of the 
weather, which may be too dry or too 
wet, and may favour the spread of the 
pests that attack tlie cotton plant. 

Some of tliese pests are kinds of 
fungus, others are insects or their cater- 
pillars. The worst plagues of all are the 
cotton-worm, which gnaws away the 
leaves ; the boll-worm, which devours 
the buds and young bolls ; and the boll- 
weevil, which feeds on the lint, and is 
the greatest enemy of American cotton- 
growers. It invaded Texas in 1892, and 
since then has spread so much as to wipe 
out altogether the finest variety, Sea 
Island cotton, which fetched the best 
prices because its fibres were exception- 
ally long. 


Some planters now^ use aeroplanes to 
scatter poisonous powder over their 
fields and destroy some, at least, of 
their tiny foes. 

Cleaning the Cotton 

Imagine now the bales of cotton to 
have travelled .some tliousands of miles 
by land and sea and to have reached 
one of the many spinning-rnills in 
Lancashire, winch for the last 150 years 
has been the greatest cotton-spmiimg 
and weaving centre. 

The cotton in the bales contains a 
good deal of dust and dirt, fragments of 
seed, shells and leaves. The fibres run 
in all directions, and many of them are 
knotted together. Before the cotton 
can be spun, it must be both cleaned 
and “ straightened out." 

So it is flung into a bale-breaker, 
which mixes different grades of cotton 
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together, and tears any lumps apart. 
Then it undergoes a good beating in 
another machine, and has most of the 
dirt and rubbish knocked out of it. A 
third machine finishes the beating and 
converts it into a thick and delightfully 
soft sheet of "cotton-wool," such as one 
buys for packing purposes. If you ex- 
amined a piece of cotton-wool under 
a microscope, you would see that the 
fibres still lie "anyhow,” in a regular 
jumble. 

Straightening the Fibres 

So the sheet of cotton-wool is fed 
into a carding machine, between a great 
revolving cylinder and an endless belt 
travelling close to the top of the 
cylinder, and in the same direction, but 
at a different speed. Both of these 
parts bristle with millions of short 
wires. The difference of speed makes 
the wires act like combs and drag on 
the fibres, pulling them so that they all 
lend to lie in the direction in which 
they are moving. The cotton leaves 
the machine in the form of a web or veil 
about as thick as stout paper. This 
web is drawn througli a funnel, which 
compresses it into a " sliver,” as the 
workpeople call it, i inch wide and 
J inch thick. 

But the straightening is still far from 
complete. In another section of the 
mill you will see the slivers being 
" drawn.” If a person holding one end 
of a piece of elastic walks faster than a 
second person holding the other end, 
the elastic will be extended and become 
thinner. The same principle is used in 
drawing cotton slivers. 

Six slivers are passed together 
through three parallel sets of rollers, 
placed one behind the other and turning 
at different speeds, the front set six 
times as fast as the back set. The single 
sliver into which they are mingled is of 
the same size as each of the original 
slivers, and this means that every one 
of the partners has been lengthened six 
times. The process is repeated twice 
more and the drawing-out does not cease 


till a sliver is a mixture of 216 original 
slivers. All this dragging at the fibres 
has straightened them out wonderfully. 

Spinning Cotton into Thread! 

Before the cotton can be spun, the 
slivers have to pass through four other 
machines, which convert them into 
coarse, loose threads, slightly twisted, 
called " rovings.” 

The drawing out of tlie rovings, and 
the twisting of them iiito threads fit for 
weaving, are done by either a ring 
frame or a mule, both of them very 
wonderful devices. 

Let us glance at the first of these : On 
it are hundreds of upright steel spindles, 
each carrying a bobbin and revolving 
thousands of times a minute inside a 
hole in a horizontal rail which moves 
slowly up and down. Encircling eacli 
spindle, and fixed to the rail, is a 
steel ring, with a grooved lip. A 
small curved piece of wire, known as a 
" traveller,” is clipped loosely over 
the lip and is able to slide freely along it. 
The roving being .spun passes through 
the "traveller” to the bobbin. 

As the bobbin revolves it jmUs on 
the roving, and the roving makes tlie 
traveller fly round and round the edge 
of the ring. If the traveller could keep 
up with the bobbin, the roving would 
merely be twisted, but there is friction 
between traveller and liiig, and the ring 
is therefore always losing ground. The 
result of this is that the thread, besides 
being twisted, is wound steadily on to 
the bobbin. The up-and-down move- 
ments of the ring ensure that the 
winding is done evenly from one end of 
the bobbin to the other. 

Now a few words about the other kind 
of spinning machine, the self-acting 
" mule.” It is a very largfe apparatus, 
being about 200 feet long and 12 feet 
wide and consists of a fixed frame on 
which are up to 1,200 bobbins of rovings 
and a moving carriage with as many 
spindles on it. The carriage keeps 
travelling a few feet away from the 
frame and then back again on wheels 
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4uUrijtiitn \tii athl InJortMU II liureiu 

COnON GINNING SEPARA1ING IHE StbD FROM THE FIBRE 


111 this ])h()lj^riph we have on the lift Uit steel cotton as it comes fiorn the llowcr \fter being 
cIcTit with at the ginntrits the seed seen m the centre is extraettd and the rav\ cotton hnt or fibre 
on the light js nady foi the next stage m the various pioeesscs of cotton manufacture 1 his sample 

was grown in Queensland, Australia 


niiiniiig oil raiK During an outward 
jouinty the spindles draw out and spin 
the lovings, and dining an inward 
journey they wind the spun threads on 
to the bobbins A single mule spins 
and collects several miles of yarn every 
minute 

Weaving the Yarns 

A woven fabiic is made up, as we 
have noticed already, of two sets of 
threads, the warp threads and the weft 
threads The warp threads run from 
end to end of a piece, and the weft 
threads cross and are interlaced with 
them 

The threads intended for the warp of 
a length of cotton cloth are wound side 
by side on to a weavers’ beam, which 
IS placed at, say, the south end of a 
machine called a loom If we take any 
thread and follow it northwards through 


the loom, we see tliat it jiasses first 
between two horizontal rods (base bars) 
then through an eye at the centre of a 
vertical Wirt (a heald), next between 
two of many upiight wires in a swing- 
ing frame, named a reed, and on to a 
winding-on roller at the north end of 
the loom 

For weaving a simple fabiic, such as 
a sheet, all the " odd ” healds are 
attached to the same rods top and 
bottom and move together, and all the 
even " healds to another pan of rods 
The bottom bar of the reed, named 
the sley, is wide enough on the north 
side to form a ledge, on which a shuttle 
slides to and fro from a shuttle-box at 
one end of it to a shuttle-box at the 
other The shuttle is pointed at both 
ends and contains a ‘‘ cop ” or reel of 
weft thread 

Now let us watch the actual opeia- 
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tions of weaving : The mechanism of 
the loom first “ opens the shed " by 
pulling the " odd ” healds up and 
drawing the even ” healds down. The 
warp threads, seen sideways, now en- 
close a lozenge-shaped space, and the 
even threads are all pressing against 
the sley. An arm, called a picking- 
stick, gives the shuttle a jerk. It flies 
over the “ even ” threads, paying out 
thread behind it. 

Immediately afterwards, the reed 


moves northwards, its wires pressing 
the weft thread just laid by the shuttle 
into the north angle of the lozenge 
While the reed is swinging back the 
“ odd ” healds are lowered and the 
" even ” healds raised, and the two sets 
of threads cross round the last weft 
thiead, holding it fitnily in place 
Things are then ready foi the next 
throw of the shuttle. 

This series of oper.itions is repeated 
as long as the weaving continues 





WM F. Taylor. 

IN THE DRAWING SHED 

The machines in this picture are each taking in six slivers, or 
ribbons, of cotton wool and combining them into a single sliver, 
which IS the same size as an original ‘silver, and therefore six times 
as long The puUing'Out action straightens the fibres 


In a Weaving Shed 

The weaving shed 
of a mill IS cl very 
noisy place. It may 
contain as many as 
2 ,000 looms, all 
going clickely-click, 
as their shuttles fly 
backwards and for- 
wards 200 times a 
minute- -too fast fot 
the eye to watch 
them. 

The looms are pi ()- 
bably of several 
different sizes, the 
largest of tliem able 
to weave cloth up 
to 12 feet wide. 
Some of them have 
very wonderful 
mechanisms. Heie 
is one which auto- 
matically supplies 
the shuttle with a 
fresh cop of weft 
yarn when required, 
and stops instan- 
taneously should a 
warp tilled break. 
Over th(ere is a 
loom using weft 
threads 0f several 
different colours, 
and changing the 
shuttles automatic- 
ally whenever a 
change of colour is 
needed. 
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MODERN MACHINERY IN LANCASHIRE’S MILLS 


7 optcal Press. 


Tlic manufacture of cotton goods began m Lancashire soon after 1700 Since then the industry has 
undergone many changes : machinery first came into use about 1780, with the inventions of Har- 
greaves, Arkwright and Crompton. The improvement of cotton spinning machinery is still going 
on, and this photograph shows a new model Nasmith comber in operation in a big Lancashire mill 


By it stands a loom fitted with the 
wonderful Jacquard apparatus, which 
enables the most elaborate patterns, 
and even pictures or facsimiles of writ- 
ing to be woven in one colour or 
different colours. It is controlled by a 
series of cards, with holes punched in 
them, which cause certain warp threads 
to be raised before each trip of the 
shuttle. 

Like a Piano Player 

One may weU compare it with a 
piano “ played ” by a punched roll of 
paper, the difference being that in the 
loom a hole relates to one or more 
warp threads, whereas in the other 
case the holes control notes in the 
piano 


To return to our sheet, or, rather, to 
the cotton cloth out of which it will be 
made : After leaving the loom it has 
the rough nap burned off it by gas 
burners. It then goes to the bleaching 
works, where it is washed, treated with 
chemicals, bleached, starched, dried, 
damped again, beaten, folded and 
pressed. It is then ready for the 
market, and for making into sheets. 

King Cotton 

The cotton-spinning and cotton- 
weaving industries are of enormous 
importance to Great Britain. There 
are in the world about 165,000,000 
spindles for spinning cotton, and a^ut 
3,000,000 power looms for weaving 
cotton fabrics. Great Britain contains 
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nearly 60,000,000 of the first and 
800,000 of the second, and so is by 
far the greatest cotton-manufacturing 
country. 

The products of her spindles and 
looms easily take first place, as regards 
value, in the list of her exports. In 
post-war years it has become even more 
important to keep up our exports of 
cotton goods to those countries, such 
as America, from which we obtain 
large quantities of the food we can- 
not grow ourselves as well as the 
raw materials on which our industries 
depend. 

Lancashire was for long years the 
greatest cotton-spinning area in the 
world. It may be that her claim will 
be challenged sooner or later by other 
countries where the manufacture of 
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cotton goods has made rapid strides in 
recent years. Even to-day, however 
it is safe to say that from China to Peru 
the people in many lands are wearing 
cotton garments made from raw 
material which was spun and woven 
in Lancashire. 

Nor is Lancashire relying upon her 
reputation of the past to maintain her 
position against increasing world com- 
petition. New machinery has been 
devised and many mills have been 
thoroughly modernised. A Cotton 
Manufacturing Commission, set up by 
the Government, has studied every 
aspect of the organisation of the 
industry. 

Experimental trials were made of 
new systems and the Cotton Spinners’ 
and Manufacturers’ Association pre- 



From the raw cotton the mills produce sheets, shirtings, towels, pillow-cases and the cloth for many 
articles of wear as well as for industrial purposes. Women, with their deft fingers, have always 
played a great part in the Lancashire cotton industry, and in this photograph is shown the process of 
warp-flrawing • the reacher is selecting a thread for her fellow-worker, the drawer, to draw through 

the eye of the heald. 


343 


COTTON GROWING AND SPINNING 



TopKoi Prtfts. 

WINDING FROM RING TUBE TO BOBBIN 


The cotton yarn from approximately eight spinning tubes is joined 
together and run on to a flanged bobbin in one contmuous length 
as part of the process of preparmg the warp — the threads that run 
lengthwise m the cloth. A girl worker is seen using an automatic 
hand-knotter to tie the yam from a ring tube to the bobbin. 


pared manuals of 
instruction in the new 
methods. At a stage 
in our history when 
the standard of living 
for the whole nation 
depends upon our 
exports to other 
countries, the great 
textile industry, 
which has contributed 
so much in the past 
to our prosperity, is 
determined to main- 
tain its lead. 

Some idea of the 
quantities of cotton 
piece goods which 
Lancashire mills pro- 
duce be judged 
from the fact that in 
one month alone in 
1949, just on 90 million 
square yards of these 
goods were exported. 

In comparatively re- 
cent times other 
countries have deve- 
loped the manu- 
facture of cotton 
goods, but those made 
in Lancashire still 
hold first place so far 
as quality is con- 
cerned, and it is to 
maintain this suprem- 
acy that the leaders 
of the industry are 
striving to-day. 

Apart from the 
manufacture of cotton goods there are 
a number of by-products which come 
from the wonderful cotton flowers. We 
have seen how the seeds, which were 
once a nuisance, are now taken out 
in the first process of “ ginning and 
become the raw material for manu- 
facturers of cattle cake, cooking oils 
and other purposes. Cotton which 
has not been spun into thread or 
yarn is specially dealt with to rid it 
of greasy substances and make it 


absorbent. This is the cotton-wool 
which is used in hospitals and in the 
home. This same harmless cotton-wool 
when treated with certain acids becomes 
gun-cotton, a dangerous and powerful 
explosive. 

The clean clippings from factories 
where cotton garments are manufac- 
tured are not by any means wasted. 
High-grade papers are made from this 
" waste," and our banknotes arc printed 
on this type of paper, which dificiis 
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considerably in quality from the wood- 
pulp paper used for newspapers and 
most of our books. 

In this age when the scientist is dis- 
covering new methods of manufacture 
and new uses for old materials, a great 
deal of research work is being carried 
on in the cotton industry The story 
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of the fluffy cotton-boll with seeds 
clinging to its twisted fibres has not 
yet come to its end. Other chapters 
will one day be written about the 
new discoveries and developments 
in the uses to which the flower of 
the wonderful cotton plant can be 
put. 



FINISHING TOUCHES 


Alter being woven, cotton cloth has to undergo about twenty processes — which include singeing, 
washing, boiling, bleaching, pounding and rolling — before it is ready for market that is, unless 
it IS sold in the unbleached condition This picture was taken in the finishing department of a 
anil, and shows cloth passing through rollers under heavy pressure. 
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ALL MADE FI\OM NYLON 

Nylon IS one of the mobt recent and one of the most amazinfj discoveries to be made in the textile 
world Its fine stiong thread is not only used for garments and silk stockings, but, as this pu ture 
of various kinds of btiishes shows, it can be used in many other ways The full list of the articles 
which can be manufactured from Nylon fibres is almost endless 


An old legend of the China of four 
thousand five hundred years 
JL V ago tells how the wife of the 
Yellow Emperor Huang-ti, the lovely 
lady of Si-ling, began the Chinese silk 
industry. The empress is said to have 
encouraged her people to grow mul- 
berry trees to provide food for the 
worms which spun the wonderful silken 
thread. The legend says that she her- 
self reared silkworms and even invented 
a loom for weaving the thread into 
fabric. After her death, the empress 
was revered as Yuen-fi, the goddess of 
silk, and was worshipped down the 
centuries by the Imperial Court in the 
Forbidden City of Peking. 

Whatever the origin of the silk indus- 
try — and none can say who it was that 
first discovered the real value of the 


grubs of the mulberry-feeding moth — 
wc know to-day that the rearing of 
silkworms, sericulture as it is called, 
and the developments to which it has 
led, have given us clothes and fabrics of 
unsurpassed quality. Now, thanks to 
miracle discoveries by scientists and 
chemists, beautiful textiles are no 
longer luxuries which only the rich can 
afford, but are within reach of everyone. 
To-day nearly every one of us has 
something in his or her wardrobe or 
house which is the equal of such silk as 
was once an expensive commodity 
available only to the privileged 
few. 

How the Silkworm Lives 

In its naturally produced state, silk 
comes from the silkworms hatched 
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from the eggs of the mulberry-feeding 
moth, the Bombyx mori as scientists 
would call it. This moth, white in 
colour and with brown-striped wings, 
lays from between four and seven 
hundred eggs each so small and so 
light that nearly half a million would be 
needed to make a pound in weight. 
When the silkworm is hatched, it begins 
eating almost at once and continues 
eating for about eight or ten days. 
Then it sleeps foi two days, wakes up, 
and — ^starts eating again . After thirty- 
two days of this life, the worm has 
developed from a tiny hairlike thing 


into a large amber-coloured caterpillar. 
It now coUs itself up, horse-shoe fa^ion, 
and begins to spin its cocoon, sending 
the silk from two openings above its 
mouth and joining the two threads 
together and spinning them about itself. 
One caterpillar spins nearly two miles 
of silk, but much of this cannot be 
recovered. The silk thread is so 
fine that as many as 1,100 cocoons 
may be needed to make a pound of 
raw silk. 

If the industry depended upon the 
silkworm, delicate and lustrous silk 
fabrics would probably still be beyond 
the pockets of most 
of us. But to-day, in 
Rayon, we have a 
man-made textile fibre 
that has all the 
shimmering richness 
of silk produced by 
the bombyx mori cater- 
pillar and which con- 
stitutes a world-wide 
industry employing 
hundreds of thousands 
of workers. 

Even as long ago as 
the seventeenth century 
an English scientist. Dr. 
Robert Hooke, was 
wondering whether 
there might not be 
some other way of 
manufacturing silk, 
whether it might not 
be possible “ to make 
an artificial glutinous 
composition, much re- 
sembling, if not fully as 
good, nay better than 
. . . whatever l^ubstance 
it may be out of which 
the Silk-woisn wire- 
draws his clew ” ; but 
it was not until 1855 
that the first artificial 
process was patented 
by a Swiss named 
Audemars, and not 



WHERE RAYON BEGINS CwtmUs lU. 


The story of Kayon, the fine man-made textile that has all the 
richness of natural silk, begins in the spruce forests of Canada 
and Scandinavia. This picture shows typical Northern Canadian 
Spruce ready lor felling. At the pulp mills, cellulose will be 
produced by the many processes to which the logs are submitted. 
The large cellulose sheets wrill then be baled up and sent to th- 
rayon factory. 
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THE BLADES OF A PULVERISING MACHINE 

Alkali Cellulose is in sheet form. Alter it has been squeezed 
in hydraulic presses, it is tom and ground by the blades of a 
pulverising machine called a Pfleiderer Ihese reduce the 
Alkali C ellulose sheets into creamy-white alkali cellulose crumbs " 
which are then stored in large bins for a time to allow the 
caustic soda to complete its work. 


FROM 

until the early eighties 
of the last century when 
the hopes of Dr. 

Hooke were to be 
realised. Sir Joseph 
Swan, a famous English 
chemist and electrician, 
produced a silken thread 
in the course of his 
experiments in 1884 
with materials for 
making electric-light 
filaments: a remarkable 
achievement which, 
however, he did 
not attempt to use 
commercially. 

First Artificial Silk 

Ir following year. 

Count Hilaire de 
Chardonnet produced 
artificial silk yarns and 
later had them woven 
into finished garments 
which he exhibited in 
Paris. At first, he copied 
the silk- worm, using 
mulberry leaves as his 
raw material, but later 
he found other sub- 
stances which could be 
obtained more easily 
and cheaply. Count 
Chardonnet was the 
first to exploit 
artificial silk commercially, and his 
factories rose in France, Belgium, 
Switzerland, and our own country. 

Meanwhile, another process was dis- 
covered and put to use in Germany, and 
in 1892 three British chemists. Cross, 
Bevan and Beadle found a way of 
obtaining a smooth thread from a 
cellulose solution which they called 
viscose. Literally, cellulose means 
containing cells, and it is the name given 
to the carbohydrate main element 
of the cell membrane of plants and 
wood. 

Cross and Bevan now sought the 
help of one of Sir Joseph Swan's former 


colleagues, C. H. Steam, whose asso- 
ciate, C. F. Topham, devised the method 
of rayon-spinning that is most widely 
used to-day. This viscose process 
yielded its first yarn in 1898 and at the 
beginning of the present century, British 
rights over this process were bought by 
the old-established and famous firm 
of Courtaulds which to-day is known 
the world over for the quality, variety, 
and richness of the rayon which it 
produces. 

How Rayon is Made 

There are various processes for mak- 
ing rayon : the Cellulose- Acetate Pro- 


RAyON IN THE MAKING 



VTien the cellulose reaches the rayon factory it ts inspected and carefully stored until it is needed 
hen it IS batched and weighed, and steeped in a bath of caustic soda This picture shows tlie 
sheets of cellulose being put into the bath before the bquid caustic soda is run in The caustic 
soda removes impurities and combines with the cellulose to form Alkali Cellulose 



Photos CourUiutds Ltd 


In thc‘‘e chuyis, carbon bisulphide converts 4he alkali cellulose crumbs into an orange-red mass 
called Cellulose Xantbate Cellulose Xanthate will dissolve in water to produce a honey-like 
substance called Viscose which gives its name to the Viscose process of manufacturing rayon 

illustrated in these pictures 
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cess, in which cellulose from cotton 
linters or spruce wood is used with 
acetic acid and acetic anhydride to 
produce a thick liquid which yields 
cellulose-acetate flake which, dissolved 
in acetone, forms the spinning dope " 
from which the rayon filaments come , 
the Cuprammontum Process, in which 
pure cellulose is mixed in a solution of 
copper sulphate and ammonia to pro- 
duce a sticky viscose solution from 
winch rayon lilamcnts come , and the 
Viscose P}ocess invented by ( ro^s. 
Be van and Beadle 

Hie story of Viscose Rayon begins in 
the spiuce forests of Canada and 
Scandinavia where large pulp mills 
process the felled tiees, 
stripping them, cutting 
theia, pushing, cleans- 
ing, washing, scouring, 
and bleaching them , 
drying tin product over 
cylinders heated by 
steam, and baling up 
the resulting cellulose 
— which looks very like 
large sheets of thick 
blotting-paper at this 
stage — for its journey 
to the rayon factory. 

The cellulose requires 
careful handling ; its 
weight and tempera- 
ture are checked when 
it reaches the factory, 
and until it is required 
it is kept in a specially 
controlled atmosphere 
and submitted to fie- 
quent tests and checks. 

When manufacture be- 
gins, the cellulose is 
batched and weighed : 
then steeped in a bath 
of caustic soda. Caustic 
soda is used in vast 
quantities by the rayon 
industry and the part it 
plays in the manufact- 
uring piocess IS a highly 
important one. Not 


only does it remove any impurities 
elements which aie not rtrjuired 
in the process it combines with 
what is left to form Alkali Cellulost 
This comes from the ** bath " (which 
is really a long deep metal trough) 
in sheet form Hydraulic pi e^^st.s 
squeeze part of the soda from 
the pulp sheets which are thi a toia 
and ground by the spiral blades 
and tooth-edged bars of pulvLiising 
machines At this stage, bmp^iature 
is still very impoitant and is can fully 
controlled The caustic soda has still 
not comph ted its work and the cn amy- 
white alkali cellulose “ crumbs which 
come from the pulveiising michiius 
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V1S.COSL 


The honcy-hkt substance llowing from tlu gUss pikttc is 
Viscose Two British chemists Cross and Bc^sn discovered 
that Cellulose Xanthatc, when dissolved in watci would j)roduce 
Mscose and it is on this ficl that imrlv nine1> p r (cnt of 
world ravon pioduttion depends 



RAyON— SPINNING 



Forced through the holes of a spinneret, the viscose emerges as Viscose Continuous I iliiMcnt Kaj^on 
Yarn 'Ihe number of filaments in the >arn is determined b> the nuinbti ot rniinitt lioles in the 
spinneret Spinnerets are usually made from platinum-gold alloy Ihc actual si/e of a spinnciit 
18 about a third larger than that of the one shown on the light of the picture 



Photoi Courtaulds Ud 

C F Topham invented the way of rayon-spinniiig that is niosl commonly ustd to day As the 
viscose IS forced through the spinneret, it is drawn into a spinning hoK winch twists and winds the 
yam into ' cakes " ready for " doffing ' (removing from the spinning boxes) The picture shows 
a spinning machine which has just been doffed " 
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DOFFING ^ ourtauldi I tj. 


Tins picture shows a “ Doflfcr " lemoving a ' cake of rayon 
yarn from a Topham Spinning box Notice the cuveiing hd and 
ring of the bi>x that he is lioldiiig m hib right hand After it 
his been “ doffed," the yarn undergoes further cleansing processes 
on which depend its natural whiteness and thus the success 
of an^ dyeing piocesses to wJiich it may be submitted 


are therefore stored in 
large bins for a time. 

"^en the " crumbs " 
are ready, they are put 
into six-sided churns 
where carbon bisulphide 
converts their creamy- 
whiteness into an 
orange-red mass called 
Cellulose Xanthate. It 
was Cross and Bevan 
who discovered that 
this Cellulose Xanthate 
would dissolve in water, 
and it is on this fact 
that nearly ninety per 
cent of world rayon 
production depends. 

For when the Cellulose 
Xaiitnatc has been dis- 
solved in water in large 
mixers, the honey-like 
substance that is the 
result is the Viscose 
which gives its name to 
this particular 
process. 

But the viscose is 
not yet in its purest 
form. Air or gas may 
have crept in, and there 
may be particles of 
undissolved matter and 
other impurities. The 
viscose is therefore 
stored for several days in caves ” — 
special cellars whose atmospheric con- 
ditions are carefully regulated. In the 
caves, the viscose passes through per- 
forated layers of cloth between which 
are thick sheets of wadding. This is 
done several times, and simultaneously 
vacuum pipes draw off any gas or air. 

This done, the viscose is forced 
through a spinneret. Spinnerets, made 
usually from platinum-gold alloy, are 
about the size of a thimble and are 
shaped like top-hats. Each spinneret 
may have up to 500 holes in its head, 
and it is from these that the thread 
emerges as Viscose Continuous Fila- 
ment Rayon Yarn. The number of 


lllameiits in the yarn is fixed by the 
number of minute holes in the head of 
the spinncict ; the yarn is called 
continuous h lament ” because it is 
manufactured in a continuous thread. 
Metering pumps force the viscose 
through the spinneret, which is in an 
acid bath. As the threads emeigc, they 
are drawn together and led out of the 
bath to pass round two wheels called 
godeis. The surface speed of these godets 
also plays a part in determining the size 
of the yarn which is measured, in the in- 
dustry, in denier (the weight of 9,000 
metres of yarn in grammes). From the 
godets, the threads drop down a glass 
funnel, the lower end of which dips into a 
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circular metal cup with straight sides. These final stages of washing, purifying 
This cuprevolves several thousand times and bleaching arc most important, for 
a minute, and the funnel is kept moving on them depends the natural whiteness 
up and down by a lever. of the rayon and so the success of sub- 

This cup is more properly called a sequent dyeing processes which provide 
spinning box and is the invention of rayon in such a wide range of lovely 
Topham. What happens is this : the tints and shades, 
thread already in the spinning box is 
pressed hard against the inside by Sp**" Rayon 

centrifugal force and pulls on the thread Not all rayon is required in continuous 

coming down through the funnel. The filament form. For making fabrics simi- 
thread is thus drawn into the cup as larin texture to cotton, linen, and wool- 
fast as it is formed, and, at the same len cloths : for working in with cotton, 
time, given a twist. The up-and-down linen, and wool : and for making new 
movements of the fimnel cause layers crease-resisting fabrics. Spun Rayon has 
of thread to be laid evenly one on top of been found to have many advantages, 
the other, each layer a little nearer the Spun rayon yarns arc made from 
centre of the box than the previous one. viscose rayon staple. That is to say. 
In this way, the spinning box twists from equal lengths or staples of cut 
and winds the yarn into " cakes ” rayon filament. Spun rayon is made in 
which are “ doff^ ” (removed) from the same way as continuous fdament 
the boxes, wrapped, washed, bleached, rayon up to the spinneret stage. But as 
dried and inspected before being packed the thread emerges from the siiinneret , 
’.-‘ady for processing, dyeing, or dis- it is gathered into an untwisted lope 
patch to the spinning or weaving mills, about the thickness of one's thumb 





VISCOSE RAYON STAPLE Courtaulds Lid. 

Nt>t all layon is rcquirrd in continuous filament form. For certain things Spun Kayon made 
from Viscose Kayon Staple is better. Viscose Rayon Staple is made up of rayon filament cut into 
equal lengths or staples. This picture shows a bale against which has been placed a card showing 

the size of the varn and its quality. 




FROM SILK TO RAYON AND NYLON 


353 


which is cut into 
staples whose length 
is determined by the 
kind of textile spin- 
ning system sub- 
sequently to be used. 
Spun rayon, so im- 
portant for its 
adaptability, is yet 
another of the de- 
velopments which we 
owe to the firm of 
Courtaulds which has 
built the rayon in- 
dustry in our own 
and other countries. 

The Rayon Industry 
In 1947, the world 
production of rayon 
filament and rayon 
staple amounted to 
1,990,710 thousands 
of lbs. The largest 
producer was the 
United States of 
America, with Great 
Britain second. But 
it was from Britain 
that America derived 
her rayon industry. 
The American Viscose 
Corporation was an 
offshoot of the British 
firm of Courtaulds 



NYLON MONOFILS 


Nylon fibres can be made m various sizes, ranjiing from gossamer, 
which IS about four-thousandths of an inch, to extra stout, which 
IS one fiftieth of an inch in diameter This photograph shows the single 
filament known as *' Monofil but for textile purposes multi-filament 
is used, a number of filaments being twisted together. 


and only passed into other hands as Wales. Overseas the firm has factories 
a result of the second world war when in Canada and in France. One of the 


British assets abroad had to be sold to 
provide food and munitions. 

Rayon in Britain is inseparable from 
the name Courtaulds. This famous 
firm was founded at Bocking, Essex, 
by the descendant of a refugee Hugue- 
not family. To-day, the organisation 
is the largest of its kind in the British 
Commonwealth, with more than 20 
factories and 25,000 employees in the 
British Isles alone. Coventry was the 
site of their first rayon factory and is still 
one of the chief Courtauld centres ; a 
second great centre is Flintshire, North 


most lecent developments in which the 
firm has taken a major pait is the 
establishment of British Nylon Spinners 
— a new organisation which has its 
headquarters at Pontypool, Monmouth- 
shire. 

Nylon, The New Textile 

Nylon is the wonder fibre that made 
parachutes and glider cables during the 
war. We think of it first as a yarn for 
making the sheerest stockings, but it 
actually has nearly a hundred other 
uses — ^not only for dress fabrics, under- 
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wear, and umbrellas, but for tarpaulins, 
whaling ropes, canvases and in industry 
generally. 

What exactly is nylon ? Nylon is 
different from all other textile fibres. 
It is something quite new, made from 
the product of coal, air, and water. In 
Britain, for instance, the basic raw 
material in the manufacture of nylon 
yam is benzene. We might be tempted 
to think that nylon is just another man- 
made copy of some natural fibre, that it 
is no more than just another “ artificial 
silk.” But nylon is neither of these ; 
it is an entirely new textile fibre 
of surprising lightness, strength and 
beauty that we owe to the rcseeirch 


work of a number of American chemists. 

In 1928, these chemists, under the 
leadership of Dr. Carothers, were work- 
ing in their laboratories at Wilmington, 
Delaware, on the structure of certain 
natural materials. They were studying 
the process called polymerization — that 
is to say the way in which chemical 
changes can unite a mass, whether large 
or small, into a substance that is per- 
manently set. They began by studying 
polyesters — that is to say the products 
of condensation from the reaction 
between dibasic acids and glycols — 
and they discovered that they could 
spin fibres from the polyesters ; and 
that when these fibres had cooled, they 
could be stretched to 
several times their 
original length and, 
while remaining very 
strong, had become 
lustrous and trans- 
parent. A new tex- 
tile hbre had ncvei 
been the main pur- 
pose of their re- 
search, but this was 
what Dr. Carothers 
and his associates 
had discovered. 

This was only the 
beginning. They 
wanted a stronger 
fibre and one with 
more elasticity, and 
they therefore 
sought to produce 
a super-polymer 
which would yield 
the desired fibre. (A 
polymer is one of a 
series of Substances 
which ext alike in 
composition, but 
which differ in mole- 
cular weight. A 
super-polymer is one 
which has a greater 
molecular weight 
than 5,000.) At last 



MAKING THE NYLON HANKS i.cl 

When the nylon filaments or monofils have been produced, they are 
cut into lengths and arranged in hanks ready for sending to the 
manufacturers. This picture shows a hank of Nylon mononl fibres, 
suitable for toothbrushes, etc., being tied before dispatch. 
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telligibly, we can 
generalise by sayu'g 
that nylon is a complex 
structure of carbon, 
nitrogen, oxygen and 
hydrogen which is built 
up into nylon polymei 
chips. Save that they 
are hard and not soft, 
these chips resemble 
soapflakes. They are 
melted, and the molten 
polymer is pumped 
through a spinneret . As 
the streams of liquid 
come from the tiny holes 
of the spinneret, they 
are cooled by air cui- 
rents so that they foim 
continuous filaments 
These filaments are then 
processed to produce 
nylon yarn. 

When production of 
nylon began in Britain, 


they lighted on polymer 
“66,” from which they 
produced nylon in their 
laboratories in 1935. 
Commercial production 
of the fibre and of gar- 
ments made from the 
fibre did not begin until 
1939, and we all re- 
member the wonder and 
delight with which the 
ladies greeted the nylon 
stocking. 

Chemists would tell 
us that polymer “ 66 ” 
is “obtained by heating 
the reaction product of 
adipic acid and hexa- 
methylenediamin," that 
“ each molecule of these 
reagents contains six 
carbon atoms.” But 
speaking less scientific- 
ally and — ^for those of 
us who are not chemists, 
at any rate — ^more in- 



Fm Fkutot. 

THE LAST STAGE IN NYLON SPINNING 


In this picture we see nylon yam being wound on to spinning 
cylinders, which is the last stage in the spinning process. Nylon 
18 used to-day for more than a hundred different products. 



GUMMING NYLON HOSIERY YARN 

1 he headquarters of the British nylon industry is at Pontypool, 
Monmouthshire and in this picture we see some of the machinery 
used m preparing nylon yarn for stockings. 
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million square feet, 
will employ 2,000 
workers when the 
plant is in full 
production. 

Since nylon is a 
new fibre, with new 
qualities, many 
questions have been 
asked as to how 
things made from 
nylon should be 
treated and how 
they will wear. We 
know that nylon is 
strong, that it is 
very fine, and that 
it is extremely light 
(an American lirni 
has recently 
marketed a nylon 
nightdress weighing 
as little as five- 
sixteenths of an 
ounce). But it is 
also tough and 
resists rubbing. It 
is so smooth that 
when it is washed 


the surface dirt 

Fox Pkutos 

TESTING NYLON coiiies away very 

Like rayon, the size of nylon yarn is measured m the iiulustiy m easilv It also dries 
denier (the wt*ight of g,ooo metres of yarn m grammes). This picture ... 

jJiows us a worker in a British nylon factory testing yarn for denier Very quICKly alter 
It srems incredible that so light and fine a yarn should have so many washing and, what 
uses and such powers of resistance to wear and strain. is more dlieS Crisply 

and smoothly so 

every bobbin of yarn made was urgently that it does not have to be ironed. The 
needed for war purposes. But to-day, housewife who washes her stockings, for 
tfiis yarn that is finer than silk is example, will find that they dry in an 
being used for dress materials, curtains hour or two — if they are made of nylon ; 
and coverings, underwear, and ties and she will know that since they are 
and eiderdowns, as well as for tents, made of nylon, she must never attempt 
hammocks, blood filters, raincoats, and to iron them, 

industrial purposes. Moreover, nylon Nylon fabrics can be ironed, however, 
can be combined with wool, silk, or and they have the advantage that they 
rayon to make special high-quality will not attract moths or olfher fabric- 
fabrics. destroying insects. Nylon, too, is damp- 

imperial Chemical Industries Ltd. resisting, and many yachts now have 
and Courtaulds have together founded their sails made from the wonder fibre, 
the firm of British Nylon Spinners Ltd. It has indeed so many advantages 
Their new factory at Pontypool, Mon- that the uses of this amazing textile 
mouthshire, with a floor space of a discovery are continually increasing. 



Toptcal Prfss 

WHERE THE FAMOUS HARRIS TWEED IS MADE 

1 lom the Shot lands to the Hebrides the ancient craft of hand-weaving is earned on to-dav 
much a-s it has been for centuries past Hairis tweeds arc noted throughout the world, and 
htie we see a man and liis wife in their o\^n home on the Island of Harris w'orking togethtr on 
the production of the famous cloth. This industry is still carried on independently in the 
cottage ami the mills send agents to collect the tweed from the weavers 

O F all the animals in this world, tion and there is abundant evidence to 
the sheep is one of the least prove that whilst wool was a common- 
respected Silly as a sheep " place article amongst the ancient 
IS quite as much an everyday expres- Britons, the civilised Romans were 
sion as is '' brave as a lion.” utterly ignorant of its existence prior 

Yet, so full of contrariness are the to invading our shores 
natural laws which govern us, that 

while the lion gives to mankind little British Cloth for Roman Soldiers 
tliat is of value, the sheep is one of But it was the Romans who first 
our greatest friends. Living, it helps marshalled together all the known facts 
to clothe us ; when dead, it affords us concerning wool, and established a 
nourishing and succulent food. common centre of manufacture. They 

It is with sheep in the living state commanded that woollen goods should 
that we are going to deal here — with be made to clothe their mighty armies, 
the sheep whose coats of fine wool are and before many years had passed 
responsible for one of the most impor- Britain was recognised throughout the 
tant tej^tile industries in the world, early world as the main source of a 
The industry of wool-making has new and remarkably useful industry, 
been associated with the British Isles Thepassingof years has not deprived 
for untold generations We find refer- our island of that fame. To-day, as 
ences to it in the writings of Pliny, yesterday, British woollen goods are 
that great historian of an early civilisa- reckoned the finest in the world The 
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reason for this is two-fold. In the 
first place, the pasture-lands of Eng- 
land support grasses that are eminently 
suitable to sheep, and therefore to the 
growth of wool ; in the second, sheep 
are temperamental creatures, and 
years of experiment have shown that 
if a sheep is taken from one locality 
to another, the characteristics and 
quality of its wool will quickly change. 
The Lincoln sheep, for instance, is 
famous for the long and lustrous wool 
it naturally grows ; but put it into 
Sussex and the length and lustre would 
quickly disappear. 

Preparing the Sheep 

Because of this relationship between 
sheep and pasture, and because there 
are many varieties of pasture-land in 
the British Isles, every possible type 
of wool can go into the factories for 
manufacture and ultimate export to 
e\ery comer of the globe. There is 
S..ctland wool, which is finest for 
knitting yarns ; Welsh wool, magnifi- 
cent for flannel manufacture because 
it attains its limit of shrinkage during 
its first wash ; Cheviot wool, unsur- 
passed for the manufacture of famous 
Scots tweeds, and Scottish wool which, 
because of its rough, long fibres, is 
particularly suitable for carpet manu- 
facture. 

In addition considerable quantities 
of wool are imported from Australia, 
New Zealand and South Africa to be 
manufactured into various kinds of 
cloth and hosiery. Bradford in York- 
shire is the centre of the greatest 
wool-manufcicturing district in the 
world. The West of England and 
South Scotland are also famed for 
the high quality of their woollen 
cloths. 

You know, of course, that wool is 
the fleece or coat of sheep. Its pre- 
paration for removal from the living 
animal is the first task. 

This preparation consists of washing. 
The sheep are brought in from pasture 
and herded together in an immense 


pen (or railed-in enclosure), next to 
which is a long, narrow tank of water. 
Then, one at a time, they are driven 
along an enclosed passage which leads 
from the pen to the tank, and as they 
p>ass along a strong spray of hot or 
warm water is shot over them. The 
purpose of this is to loosen the dirt 
in their thick and curly coats. 

Next, still in single file, they pass 
into the tank of water and swim to- 
wards its distant end. The friction 
thus set up causes the loosened dirt to 
fall from their coats ; finally, as each 
sheep scrambles from the tank, a 
strong douche of pure water thoroughly 
rinses it. 

After washing, the sheep are put to 
pasture on land entirely free from 
straw and gritty matter, so that the 
wool remains clean while it dries in 
readiness for shearing. 

Until a few years ago sheep-shearing 
was a long, slow task, each animal 
having to be clipped by hand. To-day 
hand-shearing is still practised, but 
the shears are driven by electricity, 
allowing each man to sliear anything 
vip to two hundred sheep every 
day. The record of 456 .sheep in nine 
hours was made in New Zealand in 

1953 

Farewell to Winter’s Coat 

To watch a skilled sheep-shearer at 
work is a really fascinating experience. 
Holding his shears lightly in one hand, 
he stoops over the animal, slips the 
shears into its coat — ^and the thick and 
heavy fleece immediately begins to 
pwl off, just like the skin of an orange. 
Since the highest prices are paid for 
fleeces in one piece, an impoftant part 
of his job is to see that he does not 
break the long and even pnxjess. 

As far as the living sheep is poncemed 
there is, of course, not the slightest 
pain or discomfort. In fact, since 
shearing »s done only in the warm 
weather, the sheep is no doubt only too 
pleased to be rid of its heavy winter 
coat I 



SHEEP-SHEARING IN ENGLAND’S PASTURES 



Central Pre&s. 

As far back as the Normao Conquest wool-growing was a main source of wealth in England and 
our earliest prosperity as a trading nation was due to our wool and cloth experts. In the 
picture above is seen the first stage in the great woollen industry when the fleece is taken 
from the sheep with the aid of a clipping machine which has now displaced the old-time shears. 
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SORTING AND BLENDING WOOL 
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John Foster and Sow Ltd 

On reaching the spinning mills, bales of wool are opened and their contents carefully sorted by 
experts, who quickly separate the vanous grades After being washed and thoroughly dried, 
the wool 19 stacked in piles containing layers of the different qualities needed for a particular 
blend It is then passed through machines which tear the fibres apart and mix the layers 














sport and General 

this machine, called a teaser is one of those used for blending the vvool It contains a rapidly 
revolving cylinder, armed with tenterhooks The wool, after blending, has its fibres further 
pulled al^ut by carding or combing machines and drawn out into slivers, in which form tt is sold 

to the wool spinner 




WOOLLEN AND WORSTED 



The yarn nsp<l for making woollen goods contains fibres of all lengths and lying at all angles 
to one another , whereas that for the weaving of worsted cloth has the short fibres removed from 
it by combing, and the long ones left carefully straightened to he in the direction of the yarn 



Photos sport afui General 

The pictures on this page show two machines used in the preparation of sliveis foi >arns M 
the top IS what is called a Noble comb , at the bottom a strong box foi rotombing the sli\ers 
noth of them, as you will gather from the illustrations, are very complicated. 
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READY FOR THE SPINNER 


il u't 
■j '"J 

r ' 



Spori and Gaural. 

The objects being carried by this girl are known as " box balls," a box ball being a bundle of 
slivers of combed and untwisted wool fibres. They will be dri!iwn out and spun into worsted 
yam. Box balls may be regarded as the finished product of the wpolcomber, and the raw 
material on which the worsted-spinner works. 
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WARPING AND WEAVING 



^Pofi and Gtfutal 

This picture wab taken in the \^eaving shed of a Yorkshire woollen cloth null We get a back 
view of the neaiest loom The waip threads are travelling into the page, as it were thiough 
eves in the healds which lift some of them and depress others, so that the shuttle may bt 
thrown between them The cloth being woven is evidently of great width 
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Dorien Leigh Lid 

HAND-WEAVING IN THE SHETLANDS 

uonderful machinery has been invented for clotli 
wtaving It has not by any means eliminated the old ciafl ot 
weaving by hand In the Shetland Islands some of the finest 
hard ^rearing tMr< ed in the world is produced and heie we see 
an elderly woman at her spinning wheel 


Now, one of the most dread diseases 
known to mankind lives in wool ; 
some wools, indeed, are so prone to 
carry the germ that the British Govern- 
ment enforces theii disinfection before 
they are passed into factories for 
the manufacturing processes which 
follow. Persian lamb is one of these 
wools ; the germ it carries is known as 
afUhrax, and was, until a few years ago, 
a terrible enemy of the wool merchant. 

Cleanliness, therefore, is the first 
consideration of the experts who sort 
the wools into different grades ; indeed, 
cleanliness in its highest possible form 
is maintained throughout 


When the manu- 
facturer receives the 
wool his first task is 
to clean or scour it; 
for despite the washing 
it received when on the 
back of the sheep, and 
the careful pasturing 
which followed, it has 
naturally picked up all 
sorts of stray foreign 
matter. 

Scouring calls for 
great care ; bad treat- 
ment can injure the 
texture of the wool, 
and also, unless the 
cleansing is both 
thorough and gentle, 
the various dyes to 
which it will possibly 
be subjected will not 
take properly 
A Seoul mg niarhino 
is a tank about 60 feet 
m length, its mteiioi 
iitted witli a series of 
rollers and nozzles. 
The end into which tlio 
wool IS fed contains 
veryliot water, which, 
like the hot spray 
onginally given to the 
sheep, loosens the dirt 
The wool is steeped in 
this water, after which 
the rollers move and carry it forward 
into warm water, then on into water 
slightly colder, and so forth, again 
and again, through waters whose tem- 
peratures gradually decrease, until, 
at the far end of the tank, it meets 
with pure rinsing water. All this 
time the nozzles have been ejecting 
water on to the wool, maintaining the 
correct temperatures and forcing the 
dirt from it in preparation for its next 
process. 

The grease in wool has a good com- 
mercial value and the water in which 
the wool is washed is afterwards 
treated with acid to separate the fats. 
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Crude brown wool grease is useful as a ing its passage through the washing 
lubricant, but when refined the sub- apparatus. Once it has received its 
stance is known as lanolin which is precious cargo, the machine is set in 
more readily absorbed than most other motion ; it rolls and roUs, the gieat 
fats when rubbed into the skin. It is masses of wool slide through it, and 
also antiseptic to some extent. For warm air, ejected into the Jumbo, 
these two important reasons it is gently but firmly rids the wool of its 
largely used as a basis for face creams moisture. Wlienit is finally withdrawn, 
and ointments. the wool is soft, clean, and correctly 

After washing comes the drying dried, 
process — ^and although drying would From this stage onwards the various 
seem to be a simple matter, in this processes through which the wool 
case it is governed by a fast, stern rule : passes depend upon the ultimate uses 
namely, tliat gentle and even drying to which it will be put ; knitting wools, 
must be enforced ; for wool carelessly for instance, receive vastly different 
dried, cither too much or too quickly, treatments from wools destined for 
is considerably lessened in value. carpet manufacture. To follow all the 

There are many types of machine proces.ses, making only the briefest of 
in use, but one of the most popular in examinations of the wonderful machines 
tins country is know^n as the Jumbo, involved, would supply us with 
It is a massive, churn-like construction enough material for the writing of 
into which the wool is emptied follow- several books ; here we have only 



M\frof F flutes. 


WEAVING THE PATTERN ON A WILTON CARPET 

Although machinery plays an important part to-day in the making of the world- famed Wilton 
carpets, the skilled hand-worker still has an equally important place. Some of the carpets may be 
produced on a modern loom at the rate of a hundred a week, but in the pliolograph above wc see 
hand-weaving from squared paper patterns in progress. With an intricate pattern a carpet on 
the hand loom may grow no more than q inches m a week. 
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space to consider the particular wool 
which finds its way from the factories 
of the wool merchants into those where 
worsted, that popular material from 
which suits are made, is manufactured. 

An essential feature from the point 
of view of good worsted is the length 
of the wool. This, in fact, explains why 
some suits of clothes cost twenty 
guineas whilst others cost as little as 
five. The cheap suit consists of 
material made from very short pieces 
of wool ; the more expensive has in 
its composition the longest, finest wool 
possible. A good way of testing a 
piece of material is to screw it up in 
the hands : if it springs open, crease- 
less, it proves tliat the wool it contains 
is of the best quality ; for wool, like 
silk, has certain elastic characteristics. 
But if it is badly crumpled, this tells 
you that the wool in it is short. 

Having sorted the raw wools into 
their respective grades, the worsted 
manufacturer subjects them to a pro- 


cess of combing, known as carding. 
This is to separate the fibres, which, 
despite the mechanisms through which 
they have passed, have knotted to- 
gether. The machine responsible for 
carding consists of a series of roUers 
and strong steel teeth — very like the 
teeth of an ordinary hair comb. 

The wool is fed between the rollers, 
and forced on to the teeth, whicli, 
gripping the wool, gently but firmly 
tear the fibres apart. The wool then 
passes on, through more rollers and 
across more combs meeting here and 
there with a specially-prepared oil 
whose purpose is to ease the process 
and preserve the texture of the fibre.s 

Next comes another washing, to 
rid the wool of the oil , then another 
combing — ^and, at long last, the 
machines give up fibres of every 
imaginable length and textuie all 
ready for dyeing, spinning, and ulti- 
mate manufacture into suits to clothe 
mankind. 



Afirr^r Feaiutes. 


MECHANICAL WEAVING IN CARPEf-MAKING 

It IS not only for the making of various articles of clothing that vool is used. Caipets ara another 
type of woven fabric made with wool on foundations of various materials. Here we see two 
Mginners learning the mysteries of mechanir<il weaving in a famous carpet factory at Wilton, 
Wiltshire. Carpets were made h^e in Elizabethan days and weaving machinery was introduced 

in comparatively recent times. 
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Chad Valiev Co., Lid. 

MOULDED IN PLASTIC MATERIAL 

Plastics are not by any means a now discovery, but within the jiast ten years a great rnanv 
new plastics have been evolved. Certain kinds are particularly suitable for children’s playthings 
and t;-. toy train and motor lorry, seen in the picture above, are typical examples of tlu; use 

of plastics in this field. 


S ometimes, in the progress of 
world affairs, man seems to de- 
mand something more than nature 
can provide from her rich stock of tim- 
ber, minerals and other raw materials. 
In such a case science often rises to 
the occasion, finding in its harvest 
of knowledge garnered through patient 
research a fruitful means of fulfilling 
man's requirements and giving to 
nature just a small measure of respite. 

What we to-day call plastics for the 
want of a better word is an excellent 
example of such a happening, and there 
is every indication that in the future 
we are likely to depend more and more 
upon plastic products. At the same 
time, let us understand that we are not 
about to explore in this chapter an 
undeveloped field. For many years 
now we have had things made from 
plastics, and you have only to think of 
the flexible material with which photo- 
graphic films are backed ; of table- 
tennis balls, gramophone records and 
the fountain-pen barrel to recall some 
very important uses for various sub- 
stances that fall within this group. 
Sealing wax is, by the way, a natural 
plastic product and there are seals in 


perfect condition now that were im- 
pressed upon documents long centuries 
ago. 

You will first of all wish to know 
what plastics arc. Thej^ may perhaps 
best be described as a range of materials 
that in the course of manufacture can 
be rendered plastic or soft with heat and 
then moulded to the required shape 
under great pressure. 

Strangely enough, modem plastics 
first came into being because there was 
a world shortage of ivory and the price 
of this natural commodity became too 
high for the commercial needs of the 
time. A scientist thereupon produced 
what we call celluloid by treating 
cotton cellulose (taken from the cells of 
cotton down) with an acid. You will 
know how valuable celluloid is. It is 
used for billiard balls, piano keys, 
handles of knives, combs and other 
articles, and was invented in 1868. 

Discovered by Accident 

More than twenty years later another 
scientist discovered a second plastic 
called casein. It is said that he found 
out his valuable secret through mingling 
by accident in his laboratory some sour 
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E,V.n. Flastni, JM 

B'or the modern boy interested in motor-cars and everything connected willi tbcni tlie Lov-nuikcrs 
have produced the roadside garage seen in the photograph above, complete with petro] jnimjis 
The cars and motor lorries are in various colours. For these the phistic iriateri.il used is cellulose 

acet.\te. ^ 





Punfield& Darslow (Mouldings) Ltd. 

Here we have another example of the use of plastics in the manufacture of toys for children. 
The table and four chairs seen above are light, practically unbreakable, and are made in a 

variety of different colouis. 
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milk and a substance known as formalin 
and here was an artificial product to 
take the place of horn and possibly 
even of tortoiseshell, for both of which 
we had previously looked to nature. 
Later, camphor was used in connection 
with cellulose and so there arose 
xylonite, a plastic everyone will know. 

We must go to America to follow 
up the next vital stage of develop- 
ment. Here, in 1909, Dr. Leo 
Hendrik Baekeland was busily con- 
ducting experiments in an effort to dis- 
cover an artificial 
substance that 
would materially 
advance the science 
of plastics. He too 
used formalin or for- 
m'^ld hyde (largely 
produced from coal) 
in close combina- 
tion with phenol (a 
product of coal tar) 
which he blended 
together in certain 
proportions under 
heat. 

It was in this 
manner that there 
came into being 
one of the principal 
plastic materials, a 
man-made resin or 
resinoid which is 
known by the trade 
name Bakelite, a 
name that is now a 
household word in 
the realms of 
plastics all the 
world over. 

You will all know 
natural resin, which 
is a kind of gum 
that comes from 
trees and plants, 

Y ou may often have 
seen the stuff oozing 
from a plum or 
cherry tree in the 
garden and have 
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noticed some of it in the house when 
prepared for commerce for floor-polish- 
ing and other domestic purposes. If 
you play the violin, you may have 
rubbed the hairs of your bow with a 
piece of refined resin, and the synthetic 
product can be seen in lumps of a dark 
amber hue, almost transparent and both 
hard and brittle. 

Good Dr. Baekeland, after whom 
Bakelite is railed, at first mixed his 
precious resinoid in small test tubes 
in his laboratory. It is now produced 



• Hydraulic Press binfg. Co. 
A HOT PLATE PRESS FOR PLASTICS 


In this picture we sec one of the big presses used by the Plastic manu- 
facturer. It is equipped with eleven steam plates, each measuring 
44 inches by 40 inches by 2 inches, and is capable of squeezing the 
moulding material at a pressure of many tons. 

B B 
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United Ebonite & Lorwal lid 

PREPARED FOR A RAINY DAY 


The use of pListics has bcin extended to many articles of wear 
and 111 this picture are seen examples of thtir use in the manu- 
facture of waterproof coats These arc very light to wear or carry 
yet proof against showers of heavy rainstorms Th^' matonil 
in this case is P V C , which is a convenient abbreviation of the 
chemical name Polyvinyl Chlunde 


in whole batteries of large stills and the 
chemicals which feed them are stored 
in monstrous containers, each having 
a capacity of some thousands of gallons. 
The resinoid comes from the stills in 
a sluggish, treacle-like substance which 
hardens as it cools m giant trays having 
then an appearance not unlike that of 
barley sugar. Next, for the making of 
plastics, the resin has to be passed 
through a powerful crushing machine 
until it is converted into a powder as 
fine as flour. 

At this stage, it will be well for us 


to understand that m 
the industry we are ex- 
ploring together there 
are thermo-plastic and 
thermo - setting 
materials. The term 
thermo need not bother 
us at all, for it means 
merely something that 
has to do with heat. 
Thus, the former sub- 
stances, of which cellu- 
loid is one example, can 
be softened by heat and 
hardened by cooling 
again and again and 
lose little or nothing in 
the process. 

In the second group, 
however, the matenals 
are moulded under heat 
and pressure and this 
brings about polymeri- 
sation. This IS a long 
and perhaps puzzling 
word, but it means 
simply that chemical 
changes take place and 
the entire mass, how- 
ever large or small it 
may be, becomes one 
substance that has set 
permanently. 

Wood Flour for Filling 

Having got thus far, 
it will be clear to you 
that the foundation of 
thermo-setting plastics is artificial resin, 
but this is not all by any means, for the 
resin itself would be much too brittle 
if used alone and none of the desired 
effect could be obtained. This resinoid 
requires what is called a filler and so 
there are mixed with it cerl^ain other 
commodities in powder form Saccording 
to the purpose the finished aj’ticle will 
be called upon to fulfil 
Wood flour is such a filler and the 
name explains itself. Mica (a glass-like 
mineral) and the fibres of cellulose 
(obtained from plants) are other fillers, 
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and when asbestos is used we obtain 
a plastic that will resist a great deal of 
heat As for the cellulose fibres, they 
serve almost to remforce or strengthen, 
as do steel rods in concrete. 

To explain the matter fully, when it 
has been reduced to a fine powder, the 
resinoid has the filler and such colouring 
matter as is required mixed with it and 
the mixture is fed in a continuous 
stream on to the heated rollers of a 
special appliance The heat renders 
the whole matter plastic causing the 
resin to impregnate the filler and it 
leaves the rollers very much in the same 
fonn as would a sheet of crude rubber 
It has then to pass, by means of a con- 
veyor belt, to another crushing machine 
and thence through a sieve after which 
it i> »‘Mdv for the 
iinal process 

If you had the 
privilege of watch- 
ing the making of 
moulded plastics 
you would stand in 
a room at a factory 
near an hydraulic 
press capable of 
exerting a squeeze 
of some 70 tons, 
though there are 
presses in use for 
exceptional pur- 
poses that can 
squeeze at 1,500 
tons, and even more, 
whilst moulding 
pressure may be 
anything from 1,000 
pounds to 4,500 
pounds to the 
square inch of the 
material. On the 
base plate of this 
press you would see 
moulds of heavy 
steel, wi th the 
counterparts in the 
upper jaw, and you 
could detect for 
yourself if the 
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press were heated by steam, gd'^ 01 
electricity 

The advance of plastics as a com- 
modity of everyday use has brought 
into bemg a new and highly-skilled 
operative known as a moulder, and you 
will be able presently to watch him a'=; 
he places in the bottom part of every 
mould a carefully measured quantity 
of the materials required 

The moulds themselves 11 e hot br toie 
the powdei goes into them and the pi css 
IS brought down and left for a ptiiod 
that may be as much as fifteen minutes 
01 less than one minute, according to the 
nature of the articles being made Then, 
as the upper part of the press is raised, 
the completed items, whilst still hot, au 
ejected mechanically from the moulds 





IJmtri Fb nth 1 tx il I i 

IN WIDE VARIETY 


It would be impossible to libt all thi ailKlts in ust whuh 

are to day made in plistus Oui photograph sho\\s an iiittrLst jnt, 
range of mouldings for various uses most of which will In lasiU 
idcntitied Among them arc (i) VVitei testing box a:>i>tinbl> 
(8) Telephone inouthpiecf (i8) lilting ind Cigintti l)o\ 

and co\( 1 
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AEROPLANES, SHIPS AND CARS 

This !*> a small selection from a wide range of (hiUlrcirs toys All an iimcle in pLiatu nnitt ml 
with “ Celastoid " Injection Moulding Powder What colour is required is me orjior itcd duting 
the course of manufacture and is therefore permanent. 'Ihe toys shown above were made by 
Cascelloid Ltd , Fraser and Ohiss Ltd , and Faiiylite Lbl 


On the other hand, if you had been 
a fascinated spectator of the thei mo- 
plastic process, the material would have 
been put into cold moulds and left 
ill them after the processing until they 
had given up all their heat. The 
highly-polished appearance in both 
classes of article is due entirely to the 
lact that the surface of the steel mould 
is perfectly burnished. 

By Mass Production 

What sort of articles are moulded in 
this way by the thermo-setting method? 
We can think at once of the stan- 
dardised telephone instruments, the 
outside cases and inner component parts 
for radio sets, caps for bottles, camera 
cases, electric bell boxes, automatic 
lighters, trinket receptacles and so on. 
All such useful items are made on mass 


production lines in their liundieds oi 
thousands and the liigh cost of steel 
moulds is amply justified. 

It would not, however, be prolital;lo 
to make such moulds for the (asting of 
only a very small number of articles 
and we must never run away witli the 
idea that plastics are necessarily cheap ; 
actually, in many instances, they aie 
only produced at very considerable 
expense. 

There are plastics now to represent 
china, porcelain and even glass, most 
of the articles being produced by 
moulding, but other and equp.lly valu- 
able types reach the market without 
moulding at all. Thus, in the case of 
some sheets formed by the thermo- 
plastic process, the mateiial can after- 
wards be softened by heating and then 
finished in steel moulds or wooden 
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formers to make glass-like enclosures 
for aircraft, children's dolls, babies' 
rattles and so forth. Where a hollow 
article is being made it is moulded in 
two halves, steam being admitted to 
force the halves into the moulds, the 
edges needing merely to be welded. 
As a matter of fact, welding is a simple 
process with such pl*'tstics for whilst the 
edges are soft through heat they join 
readily together. 

Yet another most useful form of 
plastic material is that known as 
laminated plastics. In this instance 
sheets of paper or of fabiic are satu- 
rated with the artificial resin and 
allowed to dry. They aie then assem- 
bled and arranged in a pack one sheet 
above another until there are sufficient 

n a board of the required thick- 
ness The laminated or built-up packs 
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are next placed between burnished steel 
plates and subjected to heat and 
pressure, the result being a panel much 
stronger than one produced by mould- 
ing. 

Such boards, up to 8 feet by 4 feet 
in area, are most effective when used 
for surfacing walls, forming table tops, 
counter tops, doors and even ceilings. 
They can be .seen in the saloons and 
corridors of some of our crack railway 
trains and in the lounges on ocean liners, 
whilst as decorations to bathrooms they 
are ideal because no steam can affect 
them and a mere wiping down is suffi- 
cient to keep them clean. These lamin- 
ated boards vary in thickness from that 
of a postcard to about 6 inches. 

Moulding by Injection 

Another process of great interest is 
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CORRUGATED PERSPLX 


ITtR ut see a sheet of corrugated “ Peispex 
(methyl methacrylate) mainly used fur factory 
lop lights set in corrugated iron roofing. It has 
also btPii used successfully for partitions and 
screens in restaurants 


that known as injection moulding. 
Here the cold moulding powder in its 
appropriate mixture is fed into a 
hopper from which it passes to a heated 
cylinder where it quickly becomes 
fluid. It is then, by means of a piston, 
forced through a nozzle into a mould 
at a lower temperature so that the 
plastic hardens at once. Combs, frames 
for spectacles, ashtrays and even 
thimbles are made in this way and at a 
speed that seems almost impossible, the 
machinery employed being in the mam 
automatic. Incidentally, in a thermo- 
setting ashtray, a lighted cigarette may 
be allowed to burn itself out and not 
leave the slightest mark. 

There are several other processes 
in our new world of plastics, but suffi- 
cient has been written to give some 
idea of the vast held opened up 
by this artificial matenal, and we 
must all realise that in the future 
it is going to be still more important 
We may even be approaching an 
age of plastics, for chemists are con- 
stantly finding new combinations of 
matenals. 

In Pastel Shades 

Let us remember that almost any 
colour, including the pastel shades, 
may be incorporated into plastics m the 
course of manufactuie so that no 
subsequent painting is required. If 
desired, as in the case of tabic tops and 
wall panels, an artist's design can be 
included as the moulding is fashioned 
and the resulting picture permanently 
protected by a film of resin. In our 
homes we may have plastic skiiting 
boards and decorative wall tiles, whilst 
pipes and cisterns for the domestic 
water supply can be made of the same 
substance. 

Varnishes, lacquers and ceriients are 
made from the resinoid and ^re avail- 
able for innumerable uses, being applied 
by sprayiiig, bnishing or dipping. The 
varnish is excellent for insulating elec- 
trical fitmerits whilst the cement is 
employed for fitting the bulbs of 
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electric lamps into their sockets and 
many similar purposes. 

The use of plastics for gear-wheels in 
machinery has recently come very much 
to the fore, largely because of the 
silence of such gears when in operation. 
Small gears can be moulded and it 
should be remembered that when a 
suitable base mixture is utilised plastic 
material can be drilled, turned on a 
lathe, planed, cut with a saw and 
shaped with a chisel, rasp or file as 
might be the case with ordinary wood. 
Moreover, a plastic substance can be 
faced with metal when such a step is 
necessary. Even the bearings of certain 
classes of machinery can be formed of 
plastics and bearings of laminated 
plastics are said to wear as well as those 
of water being frequently 

used as a lubiicant. Further, the 
electro plating or spraying of bearings 
with metal is well within the range of 
the industry. 

That we shall have plastic motor car 
bodies is a possibility. We already use 
plastic window frames, dashboards and 
instrument fascias in our cars and the 
day is perhaps not far distant when 
plastic coachwork will be a feature of 
such vehicles. So far as aeroplanes go, 
this type of material is extensively 
employed and reinforced panels for the 
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fuselage have proved their worth, 
whilst plywood panels interleaved with 
resinoid instead of glue are noted lor 
their strength and durability. 

During the past ten years a great 
many new plastics have been dis- 
covered. Three of the most widelv 
known of these are Perspex, P.V.C. and 
Nylon. 

Perspex^ the Glass-like Plastic 

Perspex became most widely known 
owing to its use in aircraft. It is a 
substance which resembles glass in 
appearance, but it is very much lighter. 
Its chemical name is methyl metha- 
crylate. It can be produced in sheets 
of various thicknesses and it has the 
interesting property that when sheets 
of Perspex are slightly warmed they 
become pliable, so that they can be 
moulded into any desired shape. 

One of the most interesting applica- 
tions of this material to peacetime uses 
is illustrated in the pictures shown in 
these pages. Here we see a section of 
corrugated Perspex suitable for use in 
the roof covering of a factory. This 
forms a skylight which is practically 
unbreakable. 

P.V.C. in War and Peace 

Here is an interesting story about 



1.C r. Ltd. 

UNBREAKABLE TOP LIGHTS 


In this photograph we see the “ Perspex " sheets shown in the pievious pictuie in a«.tU4il use on tlu* 
corrngatod iron roof of a locomotive shed at a London station As it is practically unbreakable 
and easily fixed its advantages are obvious. 
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For << Motof Co , Ltd, 

FirriNGS FOR MOJOR-CARS 


The motor-car manufacturers use a considerable number of fitments made in various kinds of 
plastic material In the photograph above some of these fittings arc seen from the viewf)oint 
of the driving-seat and their purpose is indicated The use of plastics in aeroplanes and cars 
IS steadily expanding arul the all-plastic car is a i^ossibility of the future 


P.V.C. These initials are an abbrevia- 
tion of the chemical name Pol)rvinyl 
Chloride, a plastic made from hydro- 
chloric acid and acetylene. This sub- 
stance has properties very simitar to 
those of India rubber. During the war, 
when our rubber supplies were cut off, 
manufacturers of electric cables and 
also rubber t5rre manufacturers were 
&iced with the problem of finding a 
substitute for the rubber which up to 
then had been considered indispensable 
for their px>ducts. P.V.C. proved to be 
the plastic which most nearly fulfilled 
their requirements. Many thousands of 
tons of P.V.C. were used by cable 
makers during the period of rubber 
scarcity. 

The peace-time uses of P.V.C. are 


very varied. In addition to its use 
in the electrical industry it is used 
for chemical piping, and for lining 
tanks to protect them from corrosion. 
It has been made up into useful 
articles, such as tobacco pouches, 
braces, belts, wrist watch straps, and 
garters. 

By passing the material through hot 
rollers it can be spread out into sheets 
and many beautiful colourings can be 
given to the material which cp.n then 
be used for manufacturing waterproof 
garments, curtaining materials and so 
on. 

Not the Cheapest, but the Best 

Many people have the impression 
that plastics provide a cheap substitute 
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for other matenals. This may have 
been true in the very early days of 
plastics when, for instance, white cellu- 
loid was often used as a substitute for 
ivory. 

It IS not true to-day The matenals 
which are now being produced by 
plastics manufacturers are new 
materials which have properties not 
posse ssed by any materials used before 
For instance, laminated plastics are 
being very largely used for the panelling 
of rooms in public buildings and in 
luxury liners, such as the Queen 
Vhzaheih and the Queen Mary Ihcse 
plastic materials were selected by the 
designers not beeaiise th( y were 
ch( aper than other avail ible materials, 
but because they were the very b( st 
me ^ ’ ivailable lor the particular 

purpose 111 view 

lo take another example, Perspex 
was used during the war for pilots' 
wiiuNcreens, gun tuntts and bomb- 
aiming windows not because it was 
the clu^ape st material available -glass 
is much cheaper but because it had 
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properties not possessed by any other 
material known to science. 

Nylon, the Wonderful Fibre 

Nylon IS another of the newer plastics 
which has become very widely known 
Nylon stockings are highly valued not 
because nylon is cheaper than snk or 
layon (artificial silk), to which it pro- 
vides an alternative, but because the 
nylon fibres have qualities which ire not 
found in real silk or layoii These 
qualities provided the reason for the 
extensive use of nylon during the war. 
Parachutes, parachute cords .ind ropes 
for towmg gliders were made of nylon 
fibres because these fibres posse ss( d the 
requisite strength and resilience which 
were necessary for these particular 
applications 1 he qu( stion of cost 
was a second try consideration Weight 
for weight, nylon is stronger than 
steel 

Since the war, nylon fibres have been 
applied to many other purposes For 

instance, tooth-brush bnstles, hair- 

brush bristles and surgical sutures, 
%e, for sewing up 
wounds instead of 
the silk or cat-gut 
fibres which wer© 

previously used 
One of the most 
important things 
about nylon, like 
many other plastics 
IS that the raw 

materials from 
which it IS made are 
very plentiful In 
order to make nylon, 
the plastics chemist 
takes salt, coal, water 
and air and by a 
complicated series of 
reactions he causes 
these substances to 
split up and to 
reform new combina- 
tions resulting finally 
in this wonderful 
new substance. 


f" m " M 



P h Cou S- ( o Ltd 


GUARDING THE EORT 

Toy soldierb have dlways been popular but the days when the> wert 
made of lead and tin art fiiding and plastics are being largely used 
nowada\s Ihr soldieis soon above an in khaki and weit moulded 
in i*olyUicn< one of the new plastus 
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British Industrial Pladus Ltd 

A TOY HOUSE BUILT IN SECTIONS 

A doll’s house has been a popular gift for children for many genera- 
tions, and here we have one made of plastic material in sections so 
that the child can become a builder when fitting the difJerent parts 

together. 
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Pbwtica for Water* 

Boftening 

One of the most 
surprising applica- 
tions of plastics is 
in connection with 
water-softening. 

Certain plastics 
when suitably 
treated can be used 
in a water-softening 
plant, so that water 
passed through the 
water-softening 
equipment becomes 
for all practical 
purposes as good as 
distilled water, i.e., 
free from any trace 
of " hardness.” One 
type of this 
apparatus has a 
battery of water- 
softening tanks 
w uch use synthetic 
resins or plastics as a water-softening 
medium. An especially interesting 
feature of this method of water- 
softening is that the plastic reagent 
can be regenerated, that is, made as 
good as new, at intervals by treatment 
with a suitable acid. 

Plastics from Sand 

The very latest development in 
this field are silicone plastics. The 
basis of this new series of plastics 
is silica or sand. When sand is 
heated with coke in the presence of 
chlorine gas, a substance called silicon 
tetrachloride is formed. When this 
chemical is treated with a magnesium 
compound a new substance called 
chlorosilane is produced. From 
this a number of plastic materials can 
be produced by suitable chemical 
reactions. 

Some of these plastic substances are 
liquid and can be used in place of 
insulating oil in electrical apparatus, 
whilst others are solid and have 
properties which render them of 


particular interest to electrical manu- 
facturers who wish to obtain materials 
with good insulating properties. 
Such materials can be used by the 
electrical manufacturer to prevent 
the electric current from leaking away 
from the wires and other conductors 
which he uses on his electrical 
machines. 

It is not possible yet to make 
plastics which are as strong as 
steel or which can be beaten into 
different shapes as copper can. But 
many qualities, such as resistance 
to moisture, transparency, lightness, 
colour, high electrical resistance, 
ability to withstand heat, ejan all be 
obtained by selecting thp correct 
plastic and combining 'it wi^h certain 
other substances known is fillers. 
For many purposes plastics ^re taking 
the place of metals arid wood, 
and it is not an exaggeration to say 
that, in view of the developments 
taking place, we are at the be- 
ginning of a new era, the Plastics 
Age. 



n. World 
and 

Its Work 



Agriculture — 
Producing Food 
from tfie Land 



I he old order changeth yielding pi ice to new is is true on oni firnib as in an\ other spheic of 
industiv Ihc modtrn farmer b bov often knows more about imi hmery than horses In this 
pieturc a eombine harvester is at work on an hnglisli faim It ri^ps threshes the ear pouis fhc 
corn into the truek advancing alongside and bales the striw 


THE FARMER’S BUSy YEAR 


F ARMINCt is one of our most vital 
industries upon which we depend 
for essential food Our milk and 
daily produce, much of our meat, 
poultry and eggs , corn, fruit and beet 
lor the making of sugar, come from our 
farms which, in England, Scotland and 
Wales, provide a livelihood for more 
than 1,250,000 men and women There 
can be very few other callings in which 
more workers find employment 

Farms are not all alike Apart from 
the fact that some are small and others 
very large, they vary to a marked extent 
accoiding to the locality, nature of the 
soil and available markets. An arable 
farm is one where much of the land is 
ploughed , a grass farm is one on which 
stoclaeanng is the mam interest 

To quote some examples, Wiltshire 
IS a notable dairy mg county, because 
its climate is genial and it can produce 
crops of good grass and roots foi the 
support of milking cows Devon is 
largely a shire of mixed farms, paitly 


arable and partly pasture, where thtie 
are cows, bullocks (for beef), sheep and 
other livestock as well as cornhelds and 
fruit oichards Downland country 
often with chalk beneath its thm top- 
soil, yields short grass on its dry hard 
giound, and this is ideal for flocks 
of sheep Because of its rich earth 
and the shelter of its many valleys 
the undulating county of Kent is 
famous for its fruit farms and hop 
gardens 

This biief desciiption might be con- 
tinued almost indeftnitely, for there are 
always sound geographical and climatic 
reasons for the presence of certain types 
of livestock and farming m one paj; t of 
the cx>untry and not in another 

Our Breeds of Cattle 

In the mountainous coimtry of 
northern Scotland there is a breed of 
shaggy, long-horned animals that look 
almost wild These are the true High- 
land cattle , but, in the south-west of 
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Scotland you will find the Ayrshire 
breed, mostly brown and white. On 
the opposite side of Scotland there is 
the Aberdeen-Angus, black, hornless, 
and very hardy. Do you know the 
Herefords, which have white underparts 
and faces, the remainder of their coats 
often reddish in hue ? Their name tells 
us the part of the country from which 
they come, and the breed is particularly 
good for beef. 

Jersey and Guernsey cows, fawn 
coloured but with darker patches, are 
both famed for their yield of rich milk, 
and originated in the Channel Islands. 
The Shorthorn is found on farms all 
over the country, and this breed pro- 
duces first-class milkers and large 
animals for beef. Devonshire cattle are 
mostly red in colour, and there is a 
hornless breed known as the Redpoll. 
Kerry and Dexter cows hail from 
Ireland. They are usually rather small, 
but particularly hardy and not in the 
least fastidious as to food. There are 
about twenty distinct breeds of cattle, 
and it is of interest to know them and 
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be able to say from what part of the 
country they come. 

To many people all sheep look more 
or less alike, but any sheep farmer can 
easily name a dozen and more breeds. 
Probably the most important are those 
that bear long wool, such as the Cots- 
wold, Leicester, Wensleydale and so 
forth. The downland sheep, which 
include Southdowns, Suffolk and Dorset 
Homs, have shorter wool, and then 
there are the mountain sheep from 
which comes the finest mutton. In 
Scotland we may see the Cheviot and 
Blackface breeds. As you will know, 
the male sheep is a ram and the female 
a ewe. 

Our domesticated pigs, which give tis 
pork, bacon, lard and many other 
products, probably all came from the 
wildlings that once roamed in the 
forests of this country. ?Yom these 
have been evolved ten or a dozen 
separate breeds, cfich associat(*d with a 
j>articular district. Thus, there are the 
Berkshire breed (black) ; the Glou- 
cester Old Spot ; Lincolnsliiiie Curly 
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A FINE HERD OF JERSEY COWS 


T 

C. Hosfgood, 


Jersey and Guernsey cows both originated in the Channel Islands, and each is noted for its 
high yield of rich milk. Jerseys are patient, docile animals and arc usually fawn in colour 
with darker patches. In this country there are about twenty distinct bre^s of cattle, 
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THE SHEEP WITH TWO LAMBS 


HarnU liurdekin 


I hough all .slieep may at a ctisual glance ippear alike at least a dozen distinct broods .ire kept m 
this country I hose bearing long wool, like the euc and Jambs here illustratoii, constitute the 
most important breeds, but the shorter woolJed dowiiland sheep are much esteemod. I he best 

mutton comes from mountain sheep. 


Coat with rcdclisli hair ; tlie Tarnworth, 
which calls to mind the wild boar ; 
I.arge Whites, Middle Whites and 
others. Whercvci you see one indi- 
vidual breed m large numbers you may 
be sure that it is specially suited to the 
locality. Male and female aie called 
boar and sow respectively ; and, instead 
of saying a sow gives birth to a litter of 
young, we say that slie is farrowing 
All round the sty is a low farrowing 
rail beneath which the little ones can 
take shelter so that their mother 
does not crush them when she lies 
down. 

Seven Days a Week 

Horses, of course, form an important 
group of livestock on most farms, and 
we can read about them in our Natural 


History section All we need note here 
about the hor^NCS is that they will be of 
the strong, sturdy biecds, such as the 
Suffolk Punch, well able to help m the 
work of the farm. For while more and 
more machinery is being used on the 
farm, there is still woik for which the 
farmer is glad to have hoises. Then 
there are the geese, ducks, turkeys, 
cocks and hens and often guinea fowl 
and bantams. Perhaps a nanny-goat 
or two are kept for their delicious milk ; 
and, very likely, bees, which fertilise 
fruit blossom and cause the orchards to 
bear better crops. There may be a 
donkey and possibly rabbits, whilst you 
will assuredly find sheepdogs and cow- 
dogs, both highly trained, and plenty of 
cats for catching vermin in bams and 
such places. 
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From all this you will see what a 
wealth of real interest there is about a 
farm. Not only must a farmer attend 
to his livestock regularly seven days a 
week, but he must milk his cows and 
goats twice every day at the same 
fixed times. He has to grow as much 
foodstuff as he possibly can for his 
stock, besides arranging for the sowing, 
tending and harvesting of a wide range 
of crops. At no time is farm woik ever 
finished, and we shall see as we pjiss 
through the seasons that the farmer is 
a veiy busy man indeed, and one who 
must always be looking ahead and 
making very caieful plans for the 
future. And in no other calling does 
the master man need to have such a 


fund of practical knowledge about so 
many diverse subjects. 

SPRING 

The coming of spring, when there is 
white blossom on the blackthorn and 
catkms sway in the wind from every 
hazel, is the time when the plough is 
brought out so that the ground may be 
turned and made ready for seed-sowing 
There is in front of a plough a part 
called the coulter, which makes the 
first cut in the soil. Just behind it 
comes the share, which broadens the 
cut, carrying it several inches beloiV the 
surface. Behind the share is the breast 
or mould-board of cast-iron, which 
quiqkly becomes polished with use, its 
purpose being to turn 
over the soil in the form 
of a continuous ridge. 
Usually on a plough for 
single furrows there is 
only one wheel. 

Ploughing admits air 
and sunshine so that the 
good earth majrbe dried 
and sweetened after 
winter’s rain. The 
implement may be 
drawn slowly but pur- 
posefully by a pair of 
willing horses or by 
three if the field is hilly 
The ploughman walks 
behind, guiding the 
share and driving the 
horses so that every 
furrow (i.e., the space 
between the ridges) shall 
be straight and of even 
depth from one end of 
the long row to the 
other. 

On many farms to- 
day we find liiat horses 
are not caUed in at all 
at ploughing time. In- 
stead, there are tractors 
propelled by internal 
combustion engines, the 
ploughman occupying a 
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FEEDING TIME WITH THE PIGS 


W« have ten or a dozen separate breeds of pigs, some varieties 
associated with particular parts of the country. The young 
pigs seen above have not long left their mother. 
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A LAMB AND IPS NURSE 


I (ip ml 


In this pictuic, taken on a Noilhainplonshire farm a lamb one of 
tnpUts, IS being bottU ted \>y the shepherd to ensure that the ewe 
docs not lose hei offspring 


seat just behind the 
power unit. He may 
plough three or four 
furrows at a time, and 
an acre of ground can 
be turned over in about 
one - and - a -half hours. 

In these times, when 
more and more agri- 
cultural work is carried 
out by mechanical 
means, the farmer has 
himself to possess an 
ever - increasing know- 
ledge of machinery. 

The winds that come 
to us in spring, breezes 
that raise what every 
farmer calls priceless 
March dust, soon dry 
out the top crust of 
ploughed ground ; and, 
when the earth is in the 
right condition, it must 
be harrowed so that the 
rough ridges are broken 
down into a tilth fine 
enough to receive seed 
This work may be 

carried out with a 

cultivator having many 
steel tines that pulvei ise 
the clods, the appliance 
being drawn by one or 
two horses. On the other hand, 

the land may be worked over with a 

disc harrow dragged to and fro by a 
tractor. The discs are saucer-shaped, 
at lelst as large as dinner plates, and 
their purpose is to cut up the lumps and 
level off both the ridges and the 
furrows. Wc rake our garden beds and 
borders to prepare for seed sowing and 
the farmer harrows with much the 
same end in view. He may indeed have 
to harrow several times before he is 
thoroughly satisfied. 

Sowing the Seed 

The next step is to sow the seed, and 
this is done with the aid of a machine 
called a drill that may be pulled slowly 


by a hoise backwards and foi wards 
across a held. In some cases two or 
even three dulls may be hauled simul- 
taneously by a tractor, each drill having 
a sequence of coiilleis or stool fingers 
for making the furiows, those being 
closely followed by spouts through 
which the seed diibbles at a late that 
can be regulated. Oats and barley and 
often wheat aie sown in this way in the 
spring, the seed to be afterwards 
covered in with a harrow ; and you will 
soon see how the long lines of green 
shoots come spearing through, at which 
stage a roller must be used to firm the 
soil round the roots. 

Spring too is a period when potatoes 
are planted, this crop being specially 
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important on so many siltland farms in 
Lincolnshire and in the Perthshire and 
Dunbar districts of Scotland. Furrows 
are made with a double breast or mould- 
board plough and along these gulleys 
the seed tubers are planted at even 
distances by band, to be afterwards 
covered with a further turn of the 
plough. So that there may be more 
bountiful crops of hay, meadowland 
must be harrowed, often with bundles 
of biu.shwood tied to a beam (called a 
bush hanow) to tear out old dead grass, 
and then rolled. With the barley, clover 
is sometimes sown, and the short stiff 
stems of the cereal give protection to 


the undercrop. On some farms there 
may be turnips and other roots, as well 
as kale to sow to yield food for the 
stock in autunm and winter. 

So much for the land, but there is 
plenty going on besides cultivating and 
sowing. There is lambing, for example, 
usually in full swing in March, though 
it begins much earlier than this in some 
southern counties. This is the busiest 
time of year for the shepherd, and he 
will take his hut out into the helds, 
piepared to sleep in it on many a night 
— if he can get time for much sleep at 
all Near the hut he will build a pen or 
fold of hurdles, their staves interlaced 
with straw, bracken or 
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TWO PROFITABLE NANNY GOATS 

Male and female goats are known respectively as billies 
and nannies and form profitable livestock on some farms. 
Goats’ milk is very rich and especially good for infants and 
invalids. 


furze, to give shelter to 
the ewes and t iny lambs 
He will have special tit- 
bits of food for the 
mothers ; and, if a ewe 
should die, he feeds the 
lamb from a bottle witli 
tepid cow's milk. The 
sheepdog, too, will be 
having a busy lime 
So far as the stock 
sheep go, they are 
probably penned by 
means of hurdles on to 
portions of fields that 
are cropped with swedes 
or turnips, kale or other 
greenstuff As the 
animals eat this food 
right down to soil level, 
their droppings enrich 
the ground for the crop 
that is to follow. Thus, 
day by day, the shep- 
herd advances his flock 
until all the available 
provender has been 
cleared. 

When Cows Get Playful 
Presently the cows, 
which have spent the 
dark months in their 
byres, shippons or sheds, 
living on chopped roots 
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PRFPARING FOR SOWING BEFWEhN YOUNG TREES 


John lopham. 


A lonn torni policy is iU'( ussarv 111 the giovMiig of fruit Here we see a ncwlv -pldiited orrliani of 
Lavton, Ctjx <in(l Wou ester applet Tiie ground betue(*n the rows of \oung trees is t)oing ploughed 
with the aid of a tractor and ridge toll so that it may be used for other ciops such as grass or 
lettuces, or it may be that gooseberry bushes will be planted here 


and gicenstuff, cattle cake, chaff, hay, 
and bO forth, will be let out to graze upon 
the new spring grass. Wliat excitement 
there will be, what racing to and fro 
with outstretched tails, what slipping 
and slitheiing as the stock gets its 
libeity again in the green fields. 

Filling the Incubator 

Meanwhile, this is the poultiy breed- 
ing season. Carefully selected eggs — 
certainly hundreds and maybe even 
thousands of them — have to be gently 
placed in an incubator and looked after 
in a steady temperature for Iwcnty-one 
days. V^ien the chicks appear a 
warmed brooder must be waiting for 
them because they have no feathered 
mother to attend to their upbringing. 

Thus, as spring gradually unfolds, 
other events are taking place. The 
hedgerows are chitting into leaf and 
birds pairing. It is likely that one of 
the mares about th(' farm will hav*' Inu* 


long-legged foal and the little animal 
may be almost as playful as a kitten 
and often need coriecting by its mothei . 
Nowadays, when we obtain so much of 
our sugar from the white-rooted sugar 
beet, there will be seed to sow on farms 
wheie the soil is suited to this valuable 
crop. As spiing draws on the horses, 
the cows and even the calves can once 
more sleep out in the fields. 

1 hat land which the sheep cleared so 
thoroughly must be le-sown, but with 
a different crop from the one befoie it. 
When a farmer speaks of the rotation 
of crops he means that he does not sow 
one subject twice running on the same 
plot of ground and this is most impor- 
taut because each crop has its own need 
in foodstuff, and it would be useless to 
sow where such food is temporarily 
exhausted. Then, if crops are growing 
well, theic are bound to be weeds and 
hoeing must be carried out. In the 
fields, where cultivated plants are 
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alwa3rs set at the correct distances, one 
horse will draw a hoe backwards and 
forwards whilst farm hands single out 
any seedlings that are appearing too 
thickly. It is all very like kitchen 
gardening on an extended scale. 

The very late spring may witness the 
beginning of sheep-shearing when the 
wx>ol is taken from the animals by a 
machine or by shears that work on the 
same lines as scissors. The wool from 
a sheep is known as a fleece, and it is 
made up into a bundle, perhaps with 
hundreds of others, to be taken away 
for sale. 

SUMMER 

What is your outstanding recollection 
of a farm in early summer ? You 
may visualise the great range of greens 
in the different crops, some of them 
appearing in serried lines, but what will 
most probably first come to your mind 
is a hayfield, and the object of cutting 
r'pe grass and converting it into hay is 
to provide foodstuff for the stock when 
gl ass is not only very scarce but also 
possesses little nourishment. The 
farmer wants long, sunny days for 


cutting and drying his grass, and such 
days usually come during the last fort- 
night in June. In these hurried times 
grass is cut with a mowing machine ; 
but, in your grandfather’s early years, 
the work was done entirely by men 
wielding scythes, and the whetting or 
sharpening of the blade with a stone 
was one of the characteristic sounds of 
the countryside, like the blacksmith 
hammering a horseshoe on his anvil. 

A mowing machine may be drawn 
by two or even three horses, or by a 
tractor, and as the blade clatters to 
and fro there is left behind a long neat 
row of cut grass which is known as a 
swath, not swathe. On some large 
and very up-to-date farms mechanical 
driers are used for conditioning the 
grass and then there is no occasion for 
further operations in the field, whilst 
the fanner need not wony m the least 
if the weather breaks and brings a 
deluge of rain. 

Windrows and Haycocks 

On the majority of fauns, however, 
driers are not available and so a rake, 
drawn by a horse, tractor, or even an 



Two heavy " crawlers ” are seen here at work on land which has grown oats m the past season. 
Now the crawlers are deep ploughing the field m preparation foi the sowing ol potatoes. Usuafly 
the crops fidlow each other in the older oats, potatoes, wheat, turnips or swedes, barley, hay, 
though this may be varied according to the location of the farm. 
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John Topham 

GETTING IN THE HARVEST 


In this photograph is seen a remarkable machine known as the Grain 
Marshall at work on a held of barley which has been badly beaten by 
heavy ram storms. It is fitted with a special attachment for short- 
growing straw. The Gram Marshall does much the same work as the 
combine harvester. 


old motor car, 
gathers the swaths 
together into a long 
mound known as a 
windrow and from 
this the grass is on 
many farms put 
up into haycocks. 

These are just little 
heaps through 
which the wind 
may blow to dry 
the stems , a process 
that will require 
perhaps three or 
four days for its 
completion. Next, 
the hay is shaken 
up and spread 
oui again, formed 
afresh into wind- 
rows and then 
gathered together 
in waggons to be 
built into ricks. 

Here it should be 
noted that one 
usually speaks of 
a ha3n'ick, but of a stack of straw or 
com. 

Hay Must be Dry 

Into the very modern hayfield, how- 
ever, many new helpers have made 
their way in recent years. There is the 
sweep, an appliance that has a platform 
formed of long strips of wood thrust 
forward like so many fingers. Drawn 
by a tractor or ancient car it literally 
sweeps up hay ; and, when fully 
charged, the en^ of the fingers can be 
raised and the consignment taken 
direct to the rick. There is also the 
elevator, worked by a horse or small 
engine, which forms a sort of spiked 
es^ator from ground level to the top 
of the rick. Such an implement saves 
a lot of human labour in tossing up hay 
with a long-handled hayfork. It should 
be understood, also, that hay must not 
be put into a rick until it is reasonably 
dry. If too wet it may heat. 


About a month afterwards the 
thatcher appears to put a roof on the 
hayrick, which will by now have settled 
slightly. The thatch itself is formed of 
go^ wheaten straws all Ijnng the same 
way and packed into bundles, and a 
start is always made at the bottom so 
that the second strip or layer can over- 
lap the first, just as do the tiles or slates 
on a roof. To hold down the straw the 
thatcher, with his mallet, drives in 
spars cut from nut bushes or hazels, 
and connects them where necessary 
with lengths of stout twme or strips of 
straw rope. 

When he reaches the top he makes a 
comb of straw to throw off the rain on 
either side, having first laid dollies or 
bundles of rough-iried herbage to form 
the pointed ridge.. The comb he may 
decorate with fanciful ornaments made 
of straw, according to the custom of the 
county, and he may strengthen with 
heavy cord, chains or even a baulk of 





Harold huriiekin. 

THERE’S JOY IN THE HARVEST ; 

Harvest marks a busy time of year on a farm, but also one of the most enjoyable. Heif a self- 
binder reaping machine is being drawn through the golden com by three horses, and you can see 
how the sheaves are bunched together, tied at the waist and then tossed aside on to the s|ubbles. 


wood an- exposed comer where the 
thatch might be torn adrift by 
gales. 

Following haymaking, there may be 
lambs and ewes to sell. The shepherd 
will have got the animals ready and 


probably put coloured marks bn their 
backs to indicate their age. ; At the 
fair the creatures will be parted up into 
small pens, to the discord of much 
bleating, and the sale will probably be 
by auction. 
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THE FARMER’S BUSY YEAR 



LAST LOAD HOME 

Haymaking tiiiio brings fragrance to the air, but it is haril woik 
loiding from haycocks or windrows, and the farmer is pleascxl to 
have got Iho list lo id in the vic>ld of a large fitkl 
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Generally speaking, 
our crops of coni aie 
cut with a machine 
known as a self- 
binder, drawn by 
two, three or four 
horses or a tractor 
As it is cut, a bundle 
of com falls on to a 
slatted platform. A 
canvas litmciit com- 
presses the bundle 
tightly, and it is then 
automat iCcdly tied 
with twine round the 
middle and flung out 
so that it lies on the 
giound m the wake 
of the machine It 
IS most fascinating to 
watch the sheaves 
dropping in lapid 


Cutting the Corn 

By this time, there is almost 
sure to be a marked change m the 
coloui of the coinlields Slowly at 
fnst, and then more rapidly green 
will turn to yellow and afterwards 
to the iich golden browm that 
IS the signal for harvesting to 
begin On vei y large fai ms, where 
there is ample capital foi such 
costly tackle, a combined appli- 
ance IS now employed which can 
deal with wheat, barley and oats 
when the crop is dead ripe. 

It can cut the coin, thresh it, 
lay aside the straw and put the 
giain into bags right on the 
held Naturally, such a machine 
minimises the lisks of bad weather, 
and it also saves the cost of many 
intermediate operations. It is a 
system brought to us from the 
boundless prairielands of Canada 
and the vast wheatfields of 
Austialia, and it would function 
best on our very biggest farms 
Even then, m doubtful weather, 
the corn might have to be diied 
by ailificial means 





Ph4)tn<t FeU\*reph*t \ Itl 

IHh MICIMMCAL HtVATOK 

Wluuliiv uskIIdIh pill bed lioin till \\a.;gtuib\ 
long hciniiltd folks cb \ atoisnot nnlikt oscal itors 
are now iivd on man> tarms Tlie pov\tr may 
bt pio\iclt<l In a liorst, or a «^mall motor 



NEWNES’ PICTORIAL KNOWLEDGE 


390 

sequence as the self-binder proceeds 
round and round the field, always 
driving the frightened rabbits towards 
the centre where many of them will be 
shot as the last swath is finished. 

Behind the self-binder there follow 
two or three farmhands whose duty it 
is to build up the sheaves into stooks, 
four or five pairs of sheaves standing 
on their butts with the ears of com 
uppermost usually forming a stook. 
Generally speaking, the sheaves remain 
in stook from a week to a fortnight, oats 
invariably taking the longest time to 
dry. There follows next the carting of 
the sheaves to the barton or stackyard 
where they are built into stacks that 
must, after slight settlement, be 
thatched 

We call the short stumps of corn after 
it has been cut stubble, and pullets {i.e.. 
young hens) and other poultry are 
often placed on stubble fields to eat up 
such grain as has fallen from the ear. 
Roosting in portable sheds, a spell of 
this kind is like a holiday for the birds 
and strengthens them against the 
coming of winter. 


Then, just when summer is waning, 
there will be potatoes to harvest and a 
wonderful machine with fingers on the 
outside of a revolving wheel will turn 
the tubers out of the soil ridges and 
leave them on the ground all ready to 
be picked up, perhaps by school- 
children. Ploughing will begin again 
on the fields of golden stubble, and there 
may be areas of ripe clover to cut and 
deal with as one would do with hay in 
June. Further, the end of summer 
brings with it Harvest Home and the 
close of the agricultural year. If a 
farmer is going to move to a fresh 
holding he makes the change round 
about Michaelmas, and can then com- 
mence a new life in a new home as 
October comes in. 

AUTUMN 

With the garnering in of the harvest 
and the shortening days the entire out- 
look of a farmer alters again. Befoie 
long now cows will have to be brought 
in from the fields to spend at any rate 
the nights in their byies. Diifts of 
smoke in the fields will indicate where 



John Topham 

A PORTABLE GRASS-DRYING MACHINE ^ 


One of the problems which always faces the British farmer is how to overcome the vagaties of our 
climate Sunny days are needed at haymaking time A spell of wet weather may nun or endanger 
the crop Here is a drying and baling plant which tours the farms and deals quickly and efficiently 
with the mown grass on which the sun has failed to shine Three weeks’ work can be done in 

three days 





WITH THE THRESHING GANG 


Harold Burdehin. 


At threshing time com stacks are taken down and the sheaves thrown into a revolving drum so 
that the com can be removed from the ear and all weed seed and foreign matter left behind. 
Fine, dry weather is wanted to make threshing successful, and rat-hunts always add excitement 

to this dusty autumn task. 


hedgeparings and the roots of coarse 
weeds are being burned on bonfires. 
Mangolds and turnips will have to be 
lifted and stored in a long deep trench 
known as a clamp and covered with 
earth through the ridge of which wisps 
of straw wiU form vent-holes. Potatoes 
will also have to be clamped. 

Their Winter Sleep 

The swallows and other migratory 
birds will all have gone, and soon 
dormice, hedgehogs, squirrels and 
similar animals will have begun to 
hibeihate. Apple storing and cider 
making are autumn tasks, and this is 
the time when the roots of sugar beet 
are lifted and sent off to the factory for 
processing. Sheep will be folded on a 
crop that has been grown for them 


and some of the store cattle, still out in 
the fields, may need to have their 
meagre herbage supplemented with 
other food, such as roots and hay, that 
must be taken to them. In the barn 
the chaff machine will be whirring for 
long hours cutting up the immense 
quantities of food which stalled cows 
require, and something for the horses. 

With cows in mind, it may here be 
mentioned that on many a farm milking 
is now done exclusively by machinery. 
The necessary suction through vacuum 
pipes is often obtained by means of a 
small gas engine. Thus, well-padded 
cups are attached to the cow ; and, 
when suction is applied, the milk flows 
from the patient animal through spot- 
lessly clean tubes to the cooler in the 
dairy, from which it may be filled 
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direct into bottles for retail customers. 
So long as the bin in front of her con- 
tains some tasty snack, a cow does not 
object to the milking machine, one 
man and a boy being sufficient to deal 
with a herd of fifty cows. 

And did you realise that October, 
with all the glorious tints of autumn 
reflected in trees and hedgerows, is the 
right time for sowing wheat ? The 
month is good for ploughing and culti- 
vating, whilst autunm-sown wheat 
yields better crops than that sown in 
spring. This vital grain crop will 
probably be accommodated on land 
that grew roots during the summer, and 
if farmyard manure or artificial ferti- 
lisers are needed, they can be spread 
be foie the ploughshare begins its work 
Most likely the farmer owns a special 
machine for the even distribution over 
the land of lime and feitiliser. 

Probably, too, the threshing outfit, 
wnth its team of workers, will come 
no’ ‘ily up the lane, a mysterious train 
of intricate mechanisms drawn by a 
steam traction-engine. When every- 


thing is ready, the day being fine and 
bright, off will come the thatch from 
the chosen rick directly there is suffi- 
cient morning light for work, and soon 
the sheaves we saw in stook in the 
harvest field will come tumbling down- 
wards. 

Baling the Straw 

The purpose of threshing is to get 
the com from the ear to the exclusion 
of weed seed and all foreign matter. 
This is carried out in a revolving drum 
into which the sheaves, when the string 
ties have been cut, are placed. Blasts 
of air remove the chaff or winnowings ; 
and the grain, after passing through 
sieves, flows fiom a spout diioct into 
bags ready to be taken away. Mean- 
while, some of the farmhands may 
start building the loose, discarded 
straw into a fresh stack or passing it 
into an appliance that compresses it to 
form tight oblong bales. 

If we count October as the first 
month of autumn, it certainly brings 
full days to the life of every farmer. 

November has 
fewer daylight 
hours, but wheat- 
sowing may con- 
tinue if conditions 
are favourable and 
so may ploughing. 
Fruit oichaids le- 
quiie pnining, and 
then the trees can 
be sprayed to keep 
down insect pests. 
Hay will certainly 
have to be cut 
from one of the 
new ricks and most 
likely sonle of the 
clamps naust be 
opened to provide 
root food for the 
stock. 

WINTER 

When Jack Frost 
has made the land 



Fox Fhotos 

LEARNING AN OLD-WORLD ART 

There IS much to loam l)cforc one can thatch a havnek or cornsta<^ k, 
and abo\e we see an experienced hand explaining the Lssenti.ii 
parts of tfi< lask to some enthiisiastK iiewconKrs 


A FARM OF OLD ENGLAND 




Spt'rl iinJ G«:»wr.i7 

Hcrt* IS a typical farm of an English countr>’sidc - rolling fields to the uplands, a well- wooded 
section and then the farm itself with its outbuildings and stack\’ard. ’ This farmstead is in 
Buckinghamshire, but similar holdings may be found all over the country, replete wdth their 
CJittle, sheep, horses and poultry. More than 1,250,000 men and women earn their living fioin 
agriculture in England, Scotland and Walc.s 
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iron hard, ploughing and seed-sowing 
cease, but this is the most favourable 
condition for carting manure on to the 
fields, dumping it in heaps and then 
spreading it evenly. The going for 
horses or tractor will be good, because 
the wheels of the vehicles cannot sink 
into the ground. Snow, of course, 
stops all outdoor work, but on every 
farm there are animals to be fed, so 
that the food has somehow to be 
brought in, and, of course, cows have 
still to be milked. Further, a spell of 
snow gives anxiety to the shepherd. 

Shaping Hazel Spars 

Many tasks of autumn and also of 
spring may be undertaken in winter, 
but very wet days will, like snow, 
bring a cessation to outdoor work, in 
spite of the rubber boots which modem 


farmhands wear. There are, however, 
numerous under-cover tasks apart from 
chaff cutting. For instance, the bundles 
of thatch for roofing hajn'icks are often 
prepared in winter , and so are hazel spars. 
Some of the expensive machinery 
about the place may need cleaning 
or overhauling. There are almost 
certain to be some hurdles to make, or 
perhaps a supply of new oak fencing 
posts needs to be put ready, with fir 
rails to match. 

Wherever one finds livestock there 
is sure to be work to be done every 
day at all seasons, and winter’s day- 
light hours are often not long enough 
for the many tasks that have to be 
carried out. Winter, too, is but 
the gateway to spring, and we have 
seen already how busy the farmer is 
then. But for those of us who are town 



" Kric Guy. 


IN THE STACK YARD 

At harvest home on many farms the produce of the cornfields is gathered together in the barton 
or stack yard where it may be found ready to hand by the threshers. To complete the stacks 
there is important work for the thatchers, as a good bonnet of straw will keep out autumn 

rains and winter's snow. 
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A WILTSHIRE BARLEY HARVEST 


Topical Pr0$$. 


These beautiful farmlands are near Fon thill Bishop, in Wiltshire. Their rich harvest ol early 
maturing barley is being harvested by three combine-harvesters which, while they are not so 
pictures(jue as older harvesting methods, are much more efficient and economical for Britain's larger 
farms. Such machines make us think of the vast wheatlands of Canada and Australia where they are 

in much more common use. 


dwellers, winter is not the best time for 
a visit to the country. Summer, and 
especially harvest-time, is when we 
shall see the fields and the farms in their 
full glory, although Spring, when every- 
thing is awakening from its long winter 
sleep, is one of the most beautiful 
seasons of the year in the British 
countryside. 

Life in the Country 

Many who live in towns envy the 
fanner his healthy, open-air lift*, and 
when sununer comes there is nothing 
that has a greater appeal than to escape 
from the dust and bustle of the city to 
the countryside where the freedom of 
the meadows can be enjoyed and the 
sweet-scented air of the woods and 
hedgerows can be breathed. 

Some of us, perhaps, may take an 
inexpensive holiday by working on a 
farm at harvest -time, or join a harvest 


camp. At this time of the year the 
famuT is glad of all the help he can get 
and in recent years many thousands of 
tcwn-dwellers have for a brief spell 
become farm workers, with benefit to 
themselves and the farmer. Harvest- 
ing is hard work and there is a great 
deal to be done. But those who spend 
a holiday in this way experience the 
joys of the countryside and learn more 
of the wonders of Nature in a way that 
only farm life and the countryman can 
teach. How much there is for the town- 
dweller to see — and how much there is 
for him to discover in the countr5rside I 
A completely new world is revealed to 
him, a world that becomes increasingly 
fascinating as he learns from the farmer 
and the workers of the countryside, as 
well as from his own observation, about 
the living things in the fields and of the 
secret life that goes on in the leafy lanes 
and hedgerows. 
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In the fields, down the lanes, along 
the hedgerows, and beside the ponds and 
streams are to be found all the wonder- 
ful bird, animal, plant and insect life 
of which at normal times the city- 
dweller can only read. Besides the 
largei inhabitants of Nature's kingdom 
in the countryside there are smaller, 
but no less wonderful creatures which 
play their part, for good or ill, on the 
faimlands. There is the bee, which not 
only provides honey but pollinates the 
fanner's fruit tiees ; the ladybird, a 
familiar visitor perhaps to our town 
gardens, which destroys the insect pests 
on the apple trees ; and the worms whose 
ceaseless activities help the farmer 
since they loosen the soil. 

There are some who are counted 
among the faimer’s enemies : the click 
beetle, the crane fly and the white 
butterfly In mentioning these well- 
known creatures we only touch the 
tr ngc of the amazing world w^hich can 
b( exploied in the countryside. 


In the Woods and Hedgerows 

We all know how the face of the 
countryside changes with the seasons : 
Spring brings the fresli green of new 
life to the woods and hedges ; Summer 
brings the flowers and their sweet scent, 
while Autumn decks the trees in tints 
of brown and gold and loads the trees' 
branches with autumn fruits and 
berries. Most of us have probably been 
blackbeirying at some time or othei 
and know the bramble, or blackberry, 
as well as we know another berry, the 
holly, which decorate-) our homes at 
Christmas time. We may know', too, 
the fruit of the sycamoie tree w^hich is 
borne to earth on small wings, and the 
horse chestnut, which, lobbed of its 
spiky, green outer casing, is used for the 
game of '' conkers." 

But there are many more fruits and 
berries than these to be found in the 
woods and hedgeiows. Some are used 
for making jelly and corchals, or m jnes 
and tarts. Otheis aie poisonous, but 



REAPING IN THE MODERN MANNER 


Keisimxe 


Faiming is not onl\ a man’s job those days, and these Land Army rertainlv seem to be cnjo> ing 
their task of reaping wluat on the Sussex Downs You have already met the machines they are 
using Ihcv are s( If-bindi rs whu h cut and tie bundles of coin, ilinging them out on the ground in 

their wake 
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A COLIECTION OF BRITISH SHELLS 
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BUILDING UP STOCKS 



Fox Photos 


If you havf cvti visiKd the coil iitivjsidt at h*ir\tsi turn \ou will know what bcaut\ there in a 
newly harvesten held where the shtaves ui golden-brovMi cum stand iii stocks in neat r«)ws Tt is 
w'hile the sheaves are m stock that the corn dries, oats taking the longest time to dry. 
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whether useful or otherwise, these 
fruits and berries add to the loveliness 
of the autumn country scene. The 
Colour Plate in this volume will help to 
identify others. The farmers and 
country people know all about these 
fruits and berries : which to avoid and 
which to gather for use in the kitchens 
of their farms and cottages. It is 
another attraction of the countryside 
that there are usually more good things 
to eat and drink than can be found m 
the towns. 

These are some of the things that 
compensate the farmer for all the work 
that he does. Throughout his busy 
year he has the never-failing satisfaction 
and ever-changing charm of the country- 
side all around him. 

But there is a lot of truth in the old 
saying that the farmer's work is never 


done. Nature, like time, waits for no 
man, and the crops and beasts of the 
field demand the incessant attention of 
the farmer if he is successfully to gain 
his hveUhood from them. Moreover, 
to a considerable extent, the fruits of 
his labours will depend upon forces 
beyond his control — the sunshine and 
the rain, for example. Flood or 
drought can speU disaster, even com- 
plete ruin for the farmer. 

Those of us who are merely visitors 
to the country at week-ends and holiday 
times may envy the farmers and the 
country folk their lives amidst the 
peaceful beauty that Nature provides. 
But we may remember, too, that these 
pleasures are paid for in the hard, un- 
ceasing work that goes on through all 
the seasons to bring forth our food from 
the land. 



GAIHERING THE HARVEST OF WAYSIDE CROPS 


In recent years a great drive has been made in Britain to produce more home-grown foods In some 
parts of the country the wide verges by the roadside have been ploughed and sown with wheat, oats 
and barley. Here is a picture of wheat being cut and gathered on the Barnet by-pa$3 road, where 

excelleut crops were grown. 


TIi« Secret 
of 

Man's 

Supremacy 
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TRAINING YOUTH FOR MODERN INDUSTRY 


Copynght 


Training for commerce and industry is essential, and in this photograph is seen the Drawing Office 
of the School of Motor Body Engineering at the Regent Street Polytechnic Here youths are 
trained in the methods employed for the production of private cars, passenger-carry mg, public 
service and other types of modern velncles 


HOW THE BRAIN AND THE MIND WORK 

T he human brain might be com- types of messages, or stimuli, as the 

pared with the general head- scientists call them, which travel to the 

quarters of an army. The brain, 
general headquarters receives informa- In the first place, there are those 
tion respecting the whole state of the messages aroused by events happening 
army and what is happening in the in the outside world, giving us sensa- 
various outposts. The brain is con- tions of sound, sight, touch, both light 

stantly receiving messages and kept and heavy, painful and non-painful, 

informed of the state of the body, that taste and smell. Secondly, there are 
is, of bodily movements, and changes messages informing us of the position 
within the body itself, as well as changes of the body, both when it is at rest and 
taking place outside. when it is in motion. Some of these 

Before, therefore, we consider the messages arise from nerve fibres in the 
nature and work of the brain itself, it muscles, ligaments, tendons and joints 
will be interesting to consider briefly in the various parts of the body. Others 
the kinds of messages it receives. are received by the brain from the 

internal organs of the ear. 

The Brain Receives Messages You see, the ear is a very complicated 

Diagram i illustrates these varying organ which not only enables us to 
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hear, but also to know of the equili- 
brium, or balance of the body. If this 
part of the ear, called the internal ear, 
is disturbed or damaged we are some- 
times unable to maintain our balance. 
Thus, when you turn round rapidly 
many times, you disturb the smooth 
working of the internal ear and you 
become giddy." 

Thirdly, there are messages telling us 
of the changes taking place in the 
internal organs of the body, including 
the lungs for breathing, the heart for 
supply of blood to the body, the diges- 
tive system which deals with the food 
we eat and the eliminative system 
which gets rid of the waste products of 
the body. 

The Human Telephone 

The messages of which we have 
spoken travel along chains or relays 
of nerve fibres and nerve cells called 
neurones. These might be compared 
,vith the wires of the telephone system. 
Now, there are two-way messages, one 
series of messages from the body to the 
brain. Diagram 2a, and the other series 
from the brain to the body, Diagram 2b. 
In the body there are many millions of 
these nerve processes and Diagram 2 
shows you what they look like. Let 
us suppose that an animal sees a 
dangerous object and runs away. 

If we compare this sequence of events 
with the telephone system, then the 
voice of the caller, the sensory message, 
which for our animal is the sight of the 
dangerous object, travels along wires, 
the sensory nerves, to the exchange, the 
brain, where it is accepted and inter- 
preted. Then the message is sent from 
the brain, along a series of wires, the 
motor nerves, to the receiver of the 
message, the muscles, which then carry 
out the appropriate movements of 
flight. 

Just as in the telephone system we 
have the central exchange including 
local exchanges which can contact any 
area, and trunk exchanges which can 
contact any area over which the tele- 


phone wires run, so in the nervous 
system we have the central nervous 
system, consisting of the spinal cord 
and the brain, as well as the nerve pro- 
cesses lying outside the central nervous 
system. Most of our messages travel 
to the brain by way of the spinal cord. 
However, the nerves of the face are 
connected directly with the brain 
through small holes in the skull. These 
nerves carry messages relating to 
sensations of smell, taste, sight ^ and 
hearing and movenients of the face 
and eyes. Moreover, there are certain 
messages which use only the local 
exchange, or the spinal cord. 

Thus, when you unknowingly touch 
a hot plate, you immediately, and 
automatically remove your hand. Such 
a non-willed automatic action is called 
a reflex action. We have spoken of a 
reflex action of the spinal cord, but 
parts of the brain are also responsible 
for such automatic bodily actions. The 
tasks which the lower parts of the 
brain perform are carried out without 
our consciously wilhng that^tliey be 
performed. We will now consider the 
'work of the brain, taking each part in 
turn. 

THE HUMAN BRAIN 
The Grey Matter 

When we look at a brain, we see a 
mass of grey and white coloured matter. 
The grey matter consists of millions of 
tiny nerve cells, each of which has a 
fine nerve fibre. It is these fibres 
which give the brain its white appear- 
ance, and they serve either to link up 
various cells within the bnain, or by 
passing to other parts of the body, to 
connect the brain with the j-est of the 
body. 

Parts of the Brain 

The brain is a continuation of the 
spinal cord, and perhaps it will help us 
to understand the brain if we make a 
very rough comparison. Imagine a 
Scout's pole, the top of which is 



TRAtNING HAND AND EVE 



C ofy\ right 

In this picture have a view of the S>chool of Motor Body Building, where btudents aio at work 
m the metal shop, shaping aluminium panels for car bodies Finished work is hanging from the 
balcony and in the background are “ wheeling machines," used to smooth off and polish the fianels 
Oxy-acetyicne welding, painting, trimming, coach joinery and body assembly are also taught. 



Copyright 


The 3oung men seen in this picture intend to become tailors and to be first class in their work 
They aie students at the Tailoring School of the Regent Street Polytechnic and aie taking a lesson 
in fashion drawing, the object being to improve the eye for line, colour and style 
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divided into three by notches. An 
orange, cut in half, is placed between 
the top division of our pole, and another 
smaller orange, also cut in half, is 
placed against the third division as 
shown in diagram 3, In the diagram, 
the main parts of the brain have been 
indicated and named. 

However, this is a very crude com- 
parison, and we must now consider the 
various parts of the brain as they 
really are. Diagrams 4 and 5 are 
drawings of the brain as it actually 
appears. Diagram 4 shows how the 
human brain is situated inside the 
human skull, and Diagram 5 shows the 
parts in greater detail. In diagram 5, 
the mid-brain and inter«brain are 
situated in between the two parts of 
the cerebrum and arc not, therefore, 
seen in the diagram. 

Brain Stem and Mid-Brain 

The brain stem contains the pathway 
by means of which the spinal cord is 
joined to the rest of the brain, and along 
this pathway impulses or messages 
travel from the spinal cord to other 


parts of tlip brain, and fiom the brain 
to appropiiate parts of the body. It 
contains nerve fibres which control our 
breathing, others which regulate the 
heart-beat, and therefore the control of 
blood throughout the body, and still 
other centres which control processes 
necessary to eating, swallowing, the 
secretion of saliva, as when our mouths 
water at the sight and smell of an 
appetising meal. The brain stem also 
controls the work of the digestive 
system during the assimilation of food 

Now, when you consciously move 
your eyes, your head automatically 
moves in the sjime direction. Similarly, 
if you ronsciously move your head, the 
eyes automatically move in the same 
direction. In short, they work together ; 
you wiU the movement of the one, the 
movement of the other is automatic 
or reflex in character. Again, if you 
hear a noise, you tend to move the head 
in that direction, while some animals 
also prick their ears m response to 
sound. 

These simultaneous movenfents of 
the eyes, ears, and head are protective 



AN OPTICAL ILLUSION 


j 1 vi. 

specially drawn for this work 


Here arc tuo squarts of tlu same size If >oii prepare sirnilTir &(j[uarcs for yourself and hold 
tlicm a litth apart , the one with the hon/ontal lints Vs ill seem hif;hei than that v, ith the vertical 

lines 




MESSAGES TO THE BRAIN 


A. MESSAGES FROM THE VWJRLL/ 



Spetuilly dfaum for /Am tvork 

Duifitam I Ilore we can sec tlie kiiul of messages recti\ed bj tlie brain, and the sensations of 
whicli we ate made aware There arc messages informing the brain of what is going on in the 
world outside the body (A), and other messages which tell the brain of what is happening inside 

the body (B, C, and D). 
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devices which are especially useful to 
animals, enabling them to be able 
easily to inspect the events in the out- 
side world so that they may then assess 
their danger value. The mid-brain 
contains the cells and fibres which 
enable the automatic or reflex actions 
of the eyes to follow a willed movement 
of the head, and the automatic or reflex 
action of the head to follow a willed 
movement of the eyes. 

Concerning the Cerebellum 

The cerebellum, or lowei outgrowth 
of the brain, is sometimes called the 
hind-brain because it is situated just 
above the back of the neck, as you can 
see from Diagram 4. It is round in 
shape, but is divided into two hemis- 
pheres, which are connected by means 



of nerve fibres, while other nerve fibres 
connect the cerebellum with the rest of 
the brain and also with the joints and 
muscles of distant parts of the body. 
The outside of the cerebellum consists 
of a layer of grey matter which has deep 
folds, as, for example, has a handker- 
chief when it is lightly screwed up in the 
hand. 

These folds have a special purpose in 
that they enable a large amount of grey 
matter to be tucked away within a very 
small space. The section of the brain 
called the pons, as marked in diagram 5, 
consists of nerve fibres which connect 
the two hemispheres. The name 
" pons," meaning " the bridge," is most 
appropriate because this part of the 
brain is a kind of bridge which connects 
the brain stem with the upper parts of 
the brain as well as connecting 
the two hemispheres of the 
cerebellum. In appearance, 
you might compare the pons 
and the cerebellum to a signet 
ring on a finger, th(' pons being 
the ring and the ccrebdlum a 
very large signet. 

The Work of the Cerebellum 
The chief work of the cere- 
bellum is to co-ordinate the 
various movements of the body, 
so that the muscles work 
harmoniously together. For 
the tiny child, when he begins 
to learn, walking is a very 
difficult process. His move- 
ments tend to be jerky, one leg 
completing its movement before 
the other leg begins. The move- 
ments are carried out con- 
sciously, the higher parts of 
the brain taking part in these 
early attempts Soonj however. 


A. 


B. 


jjccCACCC the process of walking becomes 
a smooth, harmoniouf activity, 


MissAGES ALONG THE NEURONS Carried out without ranscious 

Diagram 2 In A we sec the beginning of the journey, time, ^e 

which a touch on the skin takes along the sensory neurons Cerebellum haS taken OVer this 


on its way to the spinal cord and the brain In B is seen 
the final pathway of the message from the bram (or 
spinal cord) along the motor neurons to the muscle 


task, leaving the higher centres 
of the brain free for other work. 
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It has been discovered that an animal 
deprived of its cerebellum does not 
suffer from paralysis, or inability to 
move the muscles of the body, but 
its movements are shaky, jerky, and 
poorly controlled. In man, disease or 
injury to the cerebellum causes the 
same lack of muscular control, and he 
is unable to carry out the movement of 
his muscles smoothly and accurately. 
If, for example, he is asked to touch 
his nose with his hnger, his arm moves 
jerkily and he fails to hit the mark. 

The Inter-Brain 

The inter-brdiii, as we shall call it, is 
a mass of grey matter lying just above 
the mid-brain and at the base of the 
cer(*bellum. It is the part of the brain 
wh'^'n enables us to sense extreme 
sensations, extreme pain, extreme heat 
and ex ti erne cold. Tliere are nerve 
centres which enable the body to adapt 
itself to these extreme changes. Thus, 
for example, on a boiling hot day these 
centres enable the body to lose heat by 
conti oiling chemical changes in the body 
and by increasing the activity of the 
sweat glands. Further, these centres 
aie concerned with violent reactions 
- emotions of hate, rage and fear. 
These violent reactions are usually 
controlled by the higher centres of 
the brain. 

If, however, these higher centres arc 
removed in an animal, there results a 
condition of uncontrolled emotional 
outbursts, such as anger, shown by 
snarling, clawing and lashing of the 
tail. Extreme fear is also seen. The 
heart beats fast, the blood travels at a 
very quick rate through the body, the 
pupils of the eyes enlarge and the hair 
on the body rises in much the same way 
as in a cat when it is chased by a dog. 
In man, alcohol tends to inhibit or pre- 
vent control being exercised by the 
higher centres of the brain. It some- 
times happens that a man who is 
intoxicated displays extreme emotions 
such as we have described in the animal 
deprived of the cerebrum 


THE MIND WORK 
CEREBRUM 



SPINAL CORD 


A SIMPLE COMPARISON 

Diagram In this drawing the brain is 
compared with a notched scout's pole, 
showing the inter-brain, the mid-bram, the 
brain stem and the spinal cord The two 
cut oranges represent the two halves of the 
cerebrum and the cerebellum. 

The Cerebrum and Its Work 

The cerebrum is the largest and most 
important part of the brain in man. In 
lower creatures, the cerebrum is smaller 
in proportion to the rest of the brain. 
Diagram 6 shows how when we ascend 
the evolutionary scale from the hsb to 
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PROTECTOR or THE BRAIN 

Diagram 4 The skull acts as a protector of the brain Between 
the brain and the skull arc three la>ers of hue, supple skin whuh 
pn ect the brain from the hardness of the inside surface of the skull 


extracted from the 
shell. Theceicbrum 
in human beings, 
however, is larger 
in bulk than the 
cerebellum, and tills 
most of the skull 
Moreover, the 
work it has to do is 
more varied An in- 
teresting di i terencp 
between the 
cerebellum and the 
cerebrum is that in 
the cerebellum, the 
right hemisphere 
controls the joints 
and muscles on the 
right side of the 
body, and the kft 
hemisphei e looks 
aitei the joints and 
the muscles on the 
1( ft sid( of the body 


man, the cerebrum (marked C) becomes 
proportionately greater, until in the dog 
and monkey it is larger than all the 
other parts of the brain put together. 
In man it is so large that all 


In the ceiebium, 
however, this is not so, for here the left 
hemisphere controls and looks aftci the 
opposite or tight side of the body, and 
the right hemisphere contiols tlu‘ lift 


the rest of the brain seems 
very insignificant. 

In so far as it consists of 
a deeply folded, outer grey 
crust of nerve cells, and an 
inner layer of nerve fibres ; 
in so far also as it has two 
hemispheres joined by nerve 
fibres, and has nerve fibres 
connecting it with the rest 
of the brain and with distant 
parts of the body, the cere- 
brum is not unlike the 
cerebellum in general 
structure. Diagram 7 shows 
the right half of the 
cerebrum. In the diagram, 
you can see the deep folds 
of which we have spoken. 
In appearance, the cerebrum 
is not unlike the kernel of 
a walnut which has been 



A SIDE VIEW Oh THE BRAIN 


Diagram 5 Here we s>ee parts of the brain as they ore st i n 
on the left side Ihe mid-brain and the inter-brain are hidden 
from view 
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side. You see, the fibres 
leaving the cerebrum cross 
each other before they reach 
the spinal cord. Diagram 8 
shows the pathway of nerve 
fibres from the cerebellum and 
cerebrum. You can see how 
the fibres from the cerebellum 
cross over to the other side of 
the body when they reach the 
brain stem. 

The Cerebral Cortex 

The cerebral cortex is the 
name given to the grey matter, 
or nerve cells, which cover 
the cerebellum. The cerebral 
cortex is the seat of conscious 
reactions. It contains centies 
by means of which we are made 
consciously aware of our sur^ 
roundings ; it is the organ of 
volition oi will, for when we 
will to move some muscle or to 
perform some task, the nerve 
cells in the cortex are first 
stimulated, and messages sent 
to various parts of the body. 

The cortex is also the centre 
for higher thought processes, 
reasoning, memory and speech. 
In short, this area of the brain 
firstly makes us conscious 
of bodily sensations, secondly 
enables us to use our will or 
volition, and thirdly, enables us 
to carry out thought processes. 




BRAINS OF DIFFERENT ANIMALS 

Diagram 6 Here we see the brains of (i) Salmon , 
(2) Flog. (3) Pigeon. (4) Rabbit. (5) Dog. (6) Monkey. 
(7) Man A 19 the cerebellum , BS mid-brain , C the 
tertbrum, which gets relatively larger as we ascend to 
man. 


The Map of the Cortex 

Now, it has been found, as a re.sult of 
experiments on animals, and from the 
observation of the effect of brain 
diseases and injuries to the brain in man, 
that certain specific areas of the cortex 
perform, and are responsible for, cer- 
tain specific tasks. Scientists have, as 
a result of their observations and experi- 
ments, been able to map out these 
various areas of the cortex, and diagram 
9 is a sketch of the left half of the 
cerebral cortex mapped out according 
to the tasks which the various parts 


perform. From a study of the diagram 
you can see that there is : — 

I. A motor (or muscle movement) area 
from which summonses to action are 
dispatched to the muscles of the body. 
Each part of the body has its special 
small area within the motor cortex. 
When this part of the motor area of 
the right hemisphere is stimulated by a 
weak electric current in an animal 
under anaesthetic, it causes movement 
of the appropriate muscles on the left 
side of the body. Disease of, or removal 
of, the motor area in any one hemi- 
sphere produces paralysis of the opposite 
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side of the body. If the motor areas 
of both the hemispheres are injured, 
the whole body becomes paralysed . 

2. A sensory area which makes us con- 
scious of sensations coming from the 
muscles and skin. Patients who have 
had to undergo brain operations using 
local anaesthetics only, have sometimes 
permitted the surgeon to stimulate 
these sensory areas. The patients 
reported definite sensations of numbness 
or tingling which they localised in 
specific parts of the body 

3. An auditory area, which is a special 
area for hearing, and 

4. Another special area for visual per- 
ception, the visual area. In animals 
it is difficult to say when a sensation 
appears, but when the auditory area of 
an animal is stimulated there is a short 
delay, then a pricking up of the ears ; 
the stimulation of the visual area is 
followed by a turning of the head 
presumably in the direction from 
whi^ h the visual impulse is thought 
to come. 

The rest of the cerebral cortex is 
sometimes called the Silent Area " 
as these parts do not carry out special 
functions, as do the specific areas 
considered above. They are also 
known as " Association areas." To 
associate means to hnk one, two or 


more ideas together. These areas are 
said to be concerned with learning 
and memory, thought and reasoning 
processes; in short, the mental pro- 
cesses which characterise man, and in 
the exercise of which, he is distinguished 
from the animal. 

HOW THE HUMAN MIND WORKS 

So far we have been considering the 
brain, the scientific study of which is 
carried out by the physiologist. Now, 
we need to consider man s mind, the 
student of which is a psychologist 
The work of the psychologist, like that 
of any other scientist, is to observe, 
to classify the facts which he observes, 
and then to make scientific laws con- 
cerning his obsei vations. 

A scientific law says, in effect. 
" Do so-and-so, and such-and-such will 
follow," or " If so-and-so happens, 
such-and-such will follow." Thus is 
man able to predict 01 foretell what 
will happen. It is this power of pie- 
diction which gives man control over 
the woild in which he lives. 

The psychologist is conceined with 
mental events or what happens in the 
mind. He is concerned, that is, with 
such facts as sensations, perceptions, 
emotions, feehngs, memory, intelligence 
and character. Now, for Western man, 
this study of mental pro- 
cesses is comparatively new. 
Western man has, especially 
during the last four hundred 
years, expended most of his 
energies in examining objects 
and events in the world 
outside him. Thus, he has 
learned much about the laws 
which govern their < move- 
ment and behaviour, ^nd has 
built up a highly technical 
civilisation. But thf study 
of the mind ha^ been 
neglected, and often such 
a study is regarded by us as 
strange, if not a little 
mysterious, and one m which 
we do not feel quite as much 



THE FOlDS OF TFIE BRAIN 

Diagram 7 Right side of brain, showing the deep folds 
which enable* a large amount of grey matter to be tucked away 
in a very small space 
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at home as we do when 
we consider objects in 
the outside world 

What is Mind ? 

Here we ask a ques- 
tion which philosophers 
have pondered 
throughout the ages 

Some consider the 
mind as something 
which is caused by and 
is the lesult of move 
ments and changes in 
the body, moic 
especially in the 
brain , as TIobbcs, a CROSS 
seventeenth cent my 
philosophe r, put it, 

“ Th»^ brain se( ret( s 
thought as the 
liver s(cietes bih 
Howt.\ci, such an ex- 
planation is h irdly 
satisfactoi y be cause, 
as wi shall see laler, 
the mind is both active 
and cuative, and it is 
ceitainly difficult to 
explain this creativity from richi 10 ifft 

and artivitv in terms ^ Hiis shows the nerve fibres from the cerebellum and 

- - - . ^ certbrura to the spinal cord hbres Notice how fibres from the 

01 bodily movements cerebrum cross to the other side of the spinal cord In the cerebrum 
and changes To take lumisphtre looks after the right side and the right after the 

an example, we cat a 

big suppei, and we dnam Now, it vcork overtime and this may stimulate 
may be true that the eating of the big the cells of the brain and so give 
supppi causes the digestive system to occasion for dreams But, in dreaming. 


A MAP OF THE BRAIN 

Dn/^ramO This left view show •«. 
the special areas of the brain 
I T he motor rrea responsible for 
movements of the muscles 2 
The sensory area where stiisa 
tions of touch etc , are per 
ceived 3 The auditory or 
hearing area 4 The v isual 
area responsible for understand 
ing things sein by the eyes 
•5 Vssociation aicas respon 
siblt for learning memory and 
thought processes 
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we create scenes and events Some 
may be more or less repetitions of what 
w< have oxpeiienced dining our waking 
hours, others may be new and strange. 
We might even write a story, book or 
poem. Coleridge, the poet, created 
his poem Kubla Khan ** during 
sleep, and wrote it immediately on 
waking. 

Thus, there is something creative 
and active, which is influenced by the 
brain and body but is nevertheless 
something other than either. The 
body, as a body, obeys the laws of 
chemistry and physics, the laws which 
are obeyed by objects in the outside 
world. If, for example, a human body 
falls from a height, it will obey the 
same laws as did the lead balls which 
Galileo dropped from the leaning tower 
of Pisa. A human body can be weighed 
and measured, but we can hardly 
measure the inspiration which enabled 
Beethoven to write his musical works. 
A brain and body, but not a thought, 
may be crushed with a hammer. 

Relation between Body and Mind 

If the mind and body are so different, 
how can they influence one another ? 
We accept the fact that one object can 


be the cause of movement or change of 
behaviour in another. They are 
both material objects, consisting of 
what the scientist calls matter." 
But how can a thought cause changes 
in the body ? Yet, experience tells 
us that the mind does affect the body. 

We decide to do something, that is, 
we make an act of will, which is a 
mental event, and the body obeys. 
Worry and anxiety, mental events 
again, have been found to cause bodily 
ills such as indigestion and stomach 
troubles, heart diseases and asthma, 
and in certain cases, cures have been 
obtained by treating patients psycho- 
logically when the use of drugs has 
failed. Further, experience tells us, 
that the state of our bodies can affect 
the state of our minds. We have 
indigestion and we feel gloomy and 
depressed. We take drugs and wt 
have visions of ecstasy, or we lose our 
w^ll power or become obstinate. 

Philosophers have given many 
theories to account foi thest* body-to- 
mind and mind-to-body influences, but 
it is perhaps true to say that our 
commonsense view is as satisfactory as 
any of the other theonesof philosophers. 
The commonsense view is that the 
body and mind are two separate ele- 
ments of man, and they obey separate 
laws. Nevertheless, one can affect the 
other. How they do this, we do not 
know, but by observing human be- 
haviour, wc must accept the fact that 
they do so influence each other. 



Diagram lo (6). 
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Mental Behaviour is Purposive 

The main feature of mental behaviour 
is that it is purposive. Objects obi‘y 



Diagram lo (c). 


mechanical laws and are moved to 
action by the force of other objects, 
or else are still. In mental activity, 
however, there is a j^oal or purpose and 
the mind works forwaid to accomplish 
its purpose, not blindly, but actively 
pNj.l all the time and changing its 
behaviour according to changing cir- 
ciunstances. Now, a rubber ball 
running downhill is impelled forward 
hy the force of gravity. If, in its 
forward movement, it hits an obstacle, 
say a wall, there its activity " ends. 

C'ompare the boy who wishes to 
obtain some apples on the trees on the 
other side of the wall. He runs down 
the hill ; the force of gravity helps him 
along, but he is also urged by his 
desires. When he finds the wall too 
high to climb, he does not stop in his 
activities but will explore other means 
of obtaining his goal ; nor will he stop, 
until either the circumstances are 
greater than he can overcome, or he 
reaches his goal. 

The Mind is Active 

The example of the boy and the 
apples shows us that the mind is con- 
stantly active, solving problems and so 
adapting bodily movements to changing 
circumstances. Even in the simple 
process of perceiving, our minds are 
active.’ A simple example of this is 
provided by Diagrams lo (a, b, c and d). 
If you look separately at each diagram 
concentrating your attention all the 
time, you will see that each drawing 
can be seen in different ways, but not 
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in more than one way at the same time. 
Try this little test with each diagram 
and you will experience these cluing 3S 
from one drawing to the other. 

An interesting illustration of the 
mind's activity in perceiving is given 
wh(ui we look at those puzzle pictuics 
which you find in children’s books. 
For example, there is a forest see ne 
and you are asked to find among the 
trees, the woodman, his wife and three 
children. At first you cannot sev them, 
but by searching you find them. 

Perceiving is a Form of Thinking 

When you discover the woodman 
and his family, they stand out so 
obviously that you wonder how it was 
that you did not see them immediately. 
But ill Older to expeiience this, your 
mind had to be active. Then v/e make 
a judgment, to ourselves, if not in 
words to someone else, and we say, 
'' There is the woodman.” Perceiving 
is thus a form of thinking and is followed 
by a judginimt of what to us is fact. 
But then' are other processes of 



SEEN IN DIFFERENT WAYS 

Diagrams 10 (a), ( 6 ), (r), (d). The mind is very 
active in perceiving. If you look carefully At 
each of the drawings on this and the opposite 
page, you will di&cover that each can bo set'n 
in two ditfcrent ways. 
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thinking which must be distinguished 
from simple perception as we have so 
far considered it. 

Discovering Relation! 

When two objects or ideas are given, 
we also discover that there is some 
relationship existing between them. 
When we say that we “ see ” that two 
objects are "similar,” we do not see 
“similar” as we see "red” when we say 
"The pillar box is ‘red’.” The seeing 
of " red ” is what the psychologist calls 
a "percept.” The "seeing” of "simi- 
lar " is a concept, that is, it is con- 
ceived by or produced by the mind. 
This mental process of discovering of 
relations is a very important ability of 
the mind, for it enables us to see how 
events and objects in the outside world 
are connected one with the other. 
Thus we speak of one event as being 
" the cause of,” or " the result of,” 
just as we speak of one thing being 
" more beautiful than ” or “ bigger 
than ” another. 

Discovering New Ideas 

Suppose you were given the idea 
" black ” and the relation " opposite." 
From these two you obtain the third 
and fresh idea " white.” You obtain 
another idea from two ideas given. 

Again, suppose you were given two 
terms e.g., " coal ” and " locomotive," 
You see there is a relationship between 
them, for coal enables the locomotive 
to run. Suppose you were given yet a 
third term " motor car.” You can then 
find a term, namely " petrol,” which 
stands to motor as coal stands to loco- 
motive, that is, the fuel from which 
it obtains its energy to move. 

We have shown here how the mind 
is active, first in seeing objects and the 
qualities they have ; secondly, dis- 
covering lelations between objects, and, 
thirdly, finding new ideas or objects. 
These are very simple examples, but 
the minds of great scientists work 
in this way to discover new relations 
between objects and new facts and 


laws which have not been discovered 
before. 

Intolligenoe 

Intelligence is the power to perform 
the types of mental activities we have 
described. Psychologists have made 
out special tests to find out how well 
you can perform these mental tasks. 
The relationships and new items can be 
made more and more difficult, and the 
more difficult the relations you can see, 
and the more difficult the new terms 
your mind can discover, the greater 
your intelligence score. 

You must not confuse intelligence 
with knowledge. A man may gain a 
lot of knowledge, not only by reading 
and schooling, but also by travel and 
life experience. This increases the num- 
ber of ideas he has in his mind, but not 
the power of seeing difficult relations 
and conceiving new ideas. We might 
compare intelligence with the maximum 
speed which a car can go , and compare 
the amount of knowledge a man has 
obtained, with the number of mil^s the 
car has travelled. Now, a car may have 
travelled 40,000 miles when its maxi- 
mum speed is only 50 miles an hour. 
On the other band, a car may have 
travelled only 10,000 miles, but have 
a maximum speed of miles per 
hour. In the same way, a man with a 
smaller intelligence, may have greater 
knowledge than a man with a higher 
intelligence. 

Aptitude 

Psychologists call intelligence " gen- 
eral mental ability.” In cffder to 
become a brilliant mathematician, 
philosopher and scientist, ja great 
amoimt of " general mental akplity ” is 
needed. However, besides th® general 
ability, we have also special ab^ties, for 
example, in music, drawing, painting, 
craftwork, and motor mechanics. To 
be good at these we need not necessarily 
have a high intelligence, or " general ” 
ability, but we do need a "special” 
ability or special aptitude in the 
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parfiruldr subject Ceitain tests 
which psychologists have devised are 
attempts to pi edict what tasks you 
are best able to do. They are called 
Aptitude Tests 

Learning 

There aie two main ways of leaimng 
We may learn without lealising that 


we are learning This we can call 
unconscious ** learning A child 
learns more in the first hve years of 
life than in any other five years of his 
life though he may not go to school 
Besides learning to walk and talk, he 
leains skill in handling objects, to know 
what they aie used for He k arns also 
the kind of behaviour his parents 



RELATIONSHIP BETWEEN DIFFERENT OBJECTS 

Diagrams ii (a) and ii {b) On this page ue have two drawings In one wc see a square which i** 
black and one which is whitt and the mind conceives tht ulationship opposite In thi same 
wav perceive that the apple and pear are both hint and wc sa\ thev aie similar but wc do 
not see similar ' as we see the apple and pear 




NEWNES’ PICTORIAL KNOWLEDGE 


414 

expect from him. He leains to hke 
some things, dislike others ; he learns 
to like certain people and to hate and 
fear others. 

In school, much learning is conscious 
learning. We "pay attention” to the 
teacher, and he explains facts to us. 

In learning, we use our "memory.” 
How we are able to " store up ” so many 
memories, 01 what exactly " memory ” 
is, is ultimately a mystery. All we can 
say is that we are able to remembei, 
and that our minds can remember 
more easily, provided that we under- 
stand what we are learning, that is pro- 
vided we see the relationships between 
the various items of what we are 
learning. We can learn merely by rote, 
or " by heart ” (as we put it), without 
understanding. But this is a very 
poor way of learning, not only because 
it is moie difficult, but also because 
things we learn merely " by heart ” arc 
easily forgotten. It is always a good 
ruk, therefore, in all your learning to 
understand, and not merely learn 
" parrot fashion.” 

Secondly, learning depends on our 
feelings about the subject we are 
learning. Interest and desiie to learn 
are the lubricating oil of the mind. 
'Ihey enable the mind to learn more 
easily and more quickly. That is why 
the good teacher is the one who arouses 
our interests and desires to learn by 
using pictures, diagrams and stories as 
aids to learning. 

Mental Energy 

If we compare the mind with a motor- 
car engine, we may say that so far 
we have described the engine of the 
mind, how the rods and pistons link 
in one with the other and what work 
each does. But what is the source of 
energy of the mind ? What corresponds 
in the mind to the petrol of the car ? 
Here again, we are faced with an 
ultimate mystery. Some thinkers 
speak of " mental energy ” which 
they call by various names including 


“ libido,” " dan vital ” or " the will to 
live ” by wliich they mean a general 
source of energy unseen in itself, but 
which they conclude must exist from 
their observations of human behaviour 

Rather than speak of " mental 
eneigy ” perhaps it is better to speak 
of " needs ” or " instincts.” Man has 
many needs, and in order to satisfy 
these needs, he is piepared to work the 
" engine ” of his mind. 

These needs are, therefore, the petrol 
which the mind uses. Some of these 
needs are needs which his body demands 
These needs might be called appetites 
and include the need for food, drink, 
and physical exercise. Much of oui 
mental energy is carried on in order to 
satisfy these bodily needs. In most 
animals these needs are the only needs. 
If you want an animal to leain, 01 if 
you wish to train an animal, the best 
way is to refuse him food till he is 
hungry, and then offei him food as a 
reward for carrying out the task yon 
wish him to do. 

Human beings ac(|uirc other Tleed->, 
and these needs vary in strength from 
one person to another. We act'd to 
assert ourselves, and we gain much 
satisfaction from mastering a task. 

We like also to please other people 
and win their affection and esteem so 
that they will say " Wliat a good boy 
you are.” We may also wish that 
other people will admire us, and we are 
urged to activity by this need to 
impress them so that they recognise 
how clever we are. Furthermore, we 
need to join with our fellows and to be 
able to do the many tasks they do. 
We would feel " out of it ” if others 
in our little groups could do things 
which we could not do. It is pleasant 
to share the work, play and interests of 
others and to do so we must use our 
mental energy to learn the Skills, the 
rules of the games which others play. 
When we ere older, our needs may be- 
come less self-centred. We have a wife 
and children and we are urged on by 
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UNCONSCIOUS 

FEAR 


UNCONSCIOUS 
NEED FOR LOVE 


UNCONSCIOUS 

DESIRES 


THE UNCONSCIOUS MIND 

I In this picture »ire sliown examples of how mental factors, of ^vhlLh we may 

not he fully aware, may cause us to act in stiange ways. 


the need to provide for them. Finally, 
we iniglit feel that our efforts will 
beneht not only ourselves and our 
families, but the whole of the human 
race, and this acts to further our mental 
efforts. 

So, you see, when we are mentally 
and physically active, we are moved to 
action by motives or needs. Not all 
man’s needs have been given here. 
Man has many needs which urge him 
to mental activity and these needs are 
sometimes called instincts. To under- 
stand why a person attempts to solve 
particular problems, it is necessary to 
explain not only how he thinks, but 
also why he thinks, that is, what real 
needs does he hope to satisfy by his 
activity. 

The Unconscious Mind 

So far we have spoken as if man is 
aware of all his mental processes. This 
however, is not generally so. Often 
we are not fully aware of our desires 
and needs. We often have feelings of 
anxiety though we know not why. It 
is because of these things that psycho- 
logists say we have an unconscious 
mind. 


A boy has to take an examination. 
He has fears about it, but is not 
aware of them because he refuses to 
admit them. He '' represses ” his 
fears, as the psychologist puts it. So 
there arises a conflict in his mind. 
One part says, I will take the exam,” 
the other says ” You are afraid.” 
Then he becomes ill, and so he does not 
take the exam,, nor does he recognise 
his fears. In short, his unconscious 
mind discovered a way out of his fears. 

In much the same way, a soldier who 
is about to perform some dangerous 
manoeuvre against the enemy, may 
” repress ” his fears, and develop 
paralysis of the arm. 

In both these cases, the fears which 
they felt were natural, and most 
people would have similar fears irf like 
situations. But their pride was so 
great that they were not prepared to 
admit fear, even to themselves, and 
because of this, they could not control 
their fears. The work of the psycho- 
logist would be to get them to admit 
their fears, and to see that such fears 
are natural to all men. Then they 
would understand why they had 
become ill. Having accepted their 
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fears, they would not be overwhelmed 
by something of which they are unaware 
If the treatment is successful, both the 
illness and paralysis would disappear, 
and they would be prepared to carry 
out the tasks. 

Again, a person may " repress " a 
need for love and say, " I am tough, too 
tough to want sloppy love.” Here 
there is a conflict in the mind between 
a vain need " to be tough ” and a 
pathetic need for love and affection. 
Then suddenly, he begins to steal, and 
cannot stop himself, or tell why he 
must steal. 

People often " repress ” feelings and 
desires they think they ought not to 
have. As they repress them and are 
unaware of them, they experience fears 
and anxieties, and they cannot account 
for them. Their fears and anxieties 
arise because they are afraid these 
unconscious hatreds and desires will be 
U’doosed. If, however, they can be 
shown these unconscious factors, they 
will then be able to control them, and 
do something about them. Thus, they 


may ” work off ” their hatred by 
” attacking ” a mountain and making a 
tunnel through it, or becoming moun- 
taineers and " overcoming ” the 
mountain. Similarly, other energies 
may be deflected mto socially useful 
channels by the care of, and service to, 
others. This the psychologist calk 
“ sublimation,” which means the turn- 
ing of energy, which might but satisfy 
only an individual need, to work which 
IS socially acceptable and maybe 
socially useful 

Dreams are expressions of our uncon- 
scious desires and our unconscious 
fears. The psychologist is, therefore, 
very interested to know of, and to 
interpret the meaning of his patients' 
dreams. We generally feel that our 
dreams are rather silly and muddled 
and best forgotten In the Old Testa- 
ment, dreams are given quite a great 
deal of prominence To the psycho- 
logist also, they are important and 
interestmg, for they hdp him to 
understand the activity of the uncon- 
scious mind 



ANOTHER OPTICAL ILLUSION 

Look carefully at the two squares in this picture The white square has a black ci litre and 
the black square has a white centre The white central square seems largei than the black 
central square, although actually they are exactly the same size 



